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@  Battery-molding  method,  tiltable  molding  apparatus  and  use  of  the  apparatus  in  the  method. 

(§)  A  method  of  producing  a  plurality  of  metal-reinforced 
panels  in  a  molding  box  (10)  having  a  cavity  defined  by  a 
bottom  wall  (16),  two  side  walls  (14,  15)  and  two  front  walls  77 
(12,  13);  a  number  of  reinforcing  metal  elements  (17,  18)  is  pjg  j£  \ p ^ ^  
arranged  in  the  cavity  with  partitioning  means  between  '  ^sS^SSsSl^ 
adjacent  elements  (17,  18);  a  flowable  and  hardenable  ^ s ^ ^ 5 § § 8 S 8 S ^  
material,  such  as  a  concrete  mix,  is  fed  into  the  cavity  and  is  10 
allowed  to  harden  therein  to  form  the  metal-reinforced   ̂ f ^ § S P c | i 5 * 5 S 3 ^ r ^ '  
panels;  the  reinforcing  metal  elements  (17,  18)  each  have  a  ~> 
generally  stratiform  biplanar  structure  (100)  and  are  formed  74̂   7 ° / T  
of  at  least  two  distanced  metal  sheets  (101,  102)  maintained  . in  a  substantially  parallel  and  mutually  supporting  arrange-  72 /^^ -^   s - ^ '  
ment-  ^ / ; : ^v^ -   sy^  

Preferably,  this  method  is  carried  out  in  a  tiltable  75/  ^/*<j£r 
(  molding  apparatus  (7)  having  a  molding  box  (71)  and  at  least  75  ^  
I  one  fluid-cushion  (78)  capable  of  varying  its  outer  shape  (V1f 

V2,  V3)  in  response  to  varying  the  amount  of  fluid  within  the 
I  cushion  (78);  the  cushion  (78)  rests  on  a  support  surface  (77) 
I  and  is  connected  with  molding  box  (71)  for  a  tilting 
I  movement  (F,  Z,  E)  of  molding  box  (71)  by  variation  of  the 

amount  of  fluid  within  the  cushion  (78). 
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T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of  c a s t - m o l d i n g   a  p l u r -  

a l i t y   of  m e t a l - r e i n f o r c e d   p a n e l s   of  c o n c r e t e   or  t he   l i k e  

p o u r a b l e   and  h a r d e n a b l e   m a t r i x - f o r m i n g   m a t e r i a l   in  a  m o l d -  

ing  box ,   as  w e l l   as  to   an  i m p r o v e d   m o l d i n g   a p p a r a t u s   s u i t -  

a b l e   f o r   use   in  p r o d u c i n g   m e t a l - r e i n f o r c e d   p a n e l s   and  o t h e r  

t y p e s   of  c o n c r e t e   or   t h e   l i k e   b a s e d   c o n s t r u c t i o n   e l e m e n t s .  

M o l d i n g   m e t h o d s   and  d e v i c e s  f o r   p r o d u c i n g ,   in  a  s i n g l e   b a t c h ,  

a  p l u r a l i t y   of  m e t a l - r e i n f o r c e d   s t r u c t u r a l   e l e m e n t s   by  c a s t -  

ing   a  f l o w a b l e   and  h a r d e n a b l e   m a t e r i a l ,   s u c h   as  c o n c r e t e ,   a  

p l a s t e r   mix  or  t h e   l i k e ,   i n t o   a  p a r t i t i o n e d   m o l d i n g   box  ( a l s o  

c a l l e d   a  m o l d i n g   b a t t e r y )   a r e   w e l l   known  in  t h e  a r t ,   c f .   f o r  

e x a m p l e   U.S.   P a t e n t s   Nos .   1 , 4 3 0 , 7 6 3 ,   2 , 5 6 0 , 7 8 1   and  3 , 5 4 2 , 3 2 9 ,  

B e l y i a n   P a L e n t   No.  5 6 4 , 9 7 4 ,   F r e n c h   P a t e n t   No.  1 , 0 9 5 , 5 3 0   a n d  

German  p u b l i s h e d   P a t e n t   A p p l i c a t i o n   No.  1 , 9 0 7 , 9 6 9 .   Such  p r i o r  

a r t   m o l d i n g   m e t h o d s   and  d e v i c e s   have   t he   common  d i s a d v a n t a g e  

t h a t   p a r t i t i o n i n g   means   in  t he   form  of  m o l d i n g   b o a r d s   a r e   r e -  

q u i r e d   and  t h a t   l a t e r a l   g u i d a n c e   of  t he   b o a r d s   by  w a l l   p o r -  

t i o n s   of  t he   m o l d i n g   c a v i t y   i s   m a n d a t o r y   f o r   p r o d u c i n g   p a n e l s  

of  a  p r e d e t e r m i n e d   and  u n i f o r m   t h i c k n e s s ;   in  t h i s   c o n t e x t ,  

" l a t e r a l   g u i d a n c e "   means   the   s u p p o r t   r e q u i r e d   to  keep   t h e  

p a r t i t i o n i n g   means   in   a  d e f i n e d   p o s i t i o n   w i t h i n   t he   m o l d i n g  

c a v i t y .   For  e x a m p l e ,   a  m o l d i n g   b o a r d   t h a t   s u b s t a n t i a l l y   m a t c h -  

es  t he   i n t e r i o r   s u r f a c e   of  t he   s i d e   w a l l s   of  t h e   c a v i t y   a n d  

r e s t s   on  the   mold  b o t t o m   has   no  l a t e r a l   g u i d a n c e   in  t h e   c a v -  



i t y   u n l e s s   m e c h a n i c a l   m e a n s ,   s u c h   as  r i b s ,  g r o o v e s ,   p i n s   o r  

t h e   l i k e ,   a r e   p r o v i d e d   on  t he   c a v i t y   w a l l s   f o r   m a i n t a i n i n g  

t h e   b o a r d s   in  t h e i r   p r e d e t e r m i n e d   ( i . e .   d e f i n i n g   t h e   p a n e l  

t h i c k n e s s )   p o s i t i o n   p r i o r   to  i n t r o d u c i n g   t h e   r e i n f o r c i n g  

e l e m e n t s   and  t h e   m a t r i x - f o r m i n g   m a t e r i a l .  

F u r t h e r ,   p r i o r   a r t   m e t h o d s   r e q u i r e   s u b s t a n t i a l l y   r i g i d   a n d  

c o r r e s p o n d i n g l y   h e a v y   p a r t i t i o n i n g   m e a n s ,   and  o p e r a t i o n a l  

p r o b l e m s   r e s u l t   b e c a u s e   b o t h   t h e   l a t e r a l   g u i d a n c e   and  t h e  

m o l d i n g   b o a r d s   in  t h e   m o l d i n g   box  as  w e l l   as  t h e   m o l d i n g  

b o a r d s   t h e m s e l v e s   t e n d   to   become  d a m a g e d   in  p r o l o n g e d   o p e r -  

a t i o n .  

A  f u r t h e r   p r o b l e m   of  p r i o r   a r t   b a t t e r y - m o l d i n g   m e t h o d s   f o r  

p r o d u c i n g   m e t a l - r e i n f o r c e d   c o n c r e t e   p a n e l s   i s   due  to   d i s a d -  

v a n t a g e s   of  c o n v e n t i o n a l   m e t a l - r e i n f o r c e m e n t s   t h a t   n e i t h e r  

can  be  e a s i l y   b r o u g h t   i n t o   t h e   m o l d i n g   c o m p a r t m e n t s ,   n o r  

s i m p l y   m a i n t a i n e d   in  p r o p e r   p o s i t i o n   t h e r e i n .  

F i n a l l y ,   w i t h d r a w a l   of  t he   p a n e l s   p r o d u c e d   by  b a t t e r y - m o l d i n g  

may  be  v e r y   c u m b e r s o m e   u n l e s s   t h e   m o l d i n g   box  is   t i l t a b l e ,   a s  

i s   known  pe r   se ,   b e t w e e n   a  c a s t i n g   p o s i t i o n   and  a  d i s c h a r g e  

p o s i t i o n ,   e . g .   b y  a b o u t   90° ,   a r o u n d   a  l o n g i t u d i n a l   a x i s   o f  

t he   box .   With  a  c h a r g e   h a v i n g   a  w e i g h t   in  t h e   o r d e r   of  m a g n -  

i t u d e   of  h u n d r e d   m e t r i c   t o n s   or  more  t h i s   r e q u i r e s   h e a v y   c o n -  

s t r u c t i o n   of  p r i o r   a r t   m o l d i n g   a p p a r a t u s ,   b o t h   f o r   t h e   m o l d -  

ing   box  as  w e l l   as  f o r   t he   a s s o c i a t e d  t i l t i n g   m e c h a n i s m .  



A c c o r d i n g l y ,   a  main  o b j e c t   of  t h e   i n v e n t i o n   i s   a  n o v e l   a n d  

i m p r o v e d   b a t t e r y - m o l d i n g   m e t h o d   f o r   p r o d u c i n g   m e t a l - r e i n f o r c -  

ed  p a n e l s   of  c o n c r e t e   and  t h e   l i k e   m a t r i x - f o r m i n g   m a t e r i a l s .  

A  f u r t h e r   o b j e c t   i s   to   i m p r o v e   p r o d u c t i o n   of  m e t a l - r e i n f o r c -  

ed  p a n e l s   by  b a t t e r y - m o l d i n g   m e t h o d s   w h e r e   l a t e r a l  g u i d a n c e  

of  t h e   p a r t i t i o n i n g   means   by  t h e   m o l d i n g   box  i s   n o t   r e q u i r e d  

and  w h e r e i n  t h e   use   of  r i g i d   and  h e a v y  p a r t i t i o n i n g   means   i s  

n o t   c r i t i c a l .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   t o  p r o v i d e   f o r   p a n e l   p r o -  
d u c t i o n   by  b a t t e r y - m o l d i n g   w h e r e i n   t he   m e t a l - r e i n f o r c e m e n t s  

of  t h e   p a n e l s   have   a  s t r a t i f o r m   and  g e n e r a l l y   r i g i d   s t r u c t -  

u r e   s u i t a b l e   f o r   m a i n t a i n i n g   w e l l   d e f i n e d   m o l d i n g   c o m p a r t -  

m e n t s   p r i o r   to   c a s t i n g ,   t h u s   p e r m i t t i n g   t h e   use   of  l a t e r a l l y  

u n g u i d e d   p a r t i t i o n i n g   means   t h a t   need   n o t   be  r i g i d .  

A  f u r t h e r   o b j e c t   is   a  b a t t e r y - m o l d i n g   m e t h o d   w h e r e i n   p o s i t i o n -  

a l   d e f i n i t i o n   of  t h e   mold   c o m p a r t m e n t s   p r i o r   to   c a s t i n g   i s  

e f f e c t e d   by  t he   m e t a l - r e i n f o r c e m e n t s   of  t h e   p a n e l s   and  w h e r e -  

in  t h e  r e i n f o r c e m e n t s   of  t h e   p a n e l s   can  be  i m p r o v e d .  

Yet  a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   a  n o v e l   t i l t a b l e   m o l d -  

ing   a p p a r a t u s   t h a t   r e q u i r e s   n e i t h e r   a  h e a v y   c o n s t r u c t i o n   o f  

t h e   m o l d i n g   box  p r o p e r   no r   of  t he   t i l t i n g   m e a n s .  

S t i l l   a  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   a  t i l t a b l e   m o l d -  

ing   a p p a r a t u s   t h a t   can  be  t r a n s p o r t e d   more  e a s i l y   and  may  b e  

a s s e m b l e d   and  d i s a s s e m b l e d   a t   a  c o n s t r u c t i o n   s i t e   in  a  s i m p l e  

m a n n e r   as  w e l l   as  a d a p t e d   to  v a r y i n g   p a n e l   d i m e n s i o n s   so  a s  

to  p r o v i d e   f o r   d e c r e a s e d   m o l d i n g   c o s t s   when  p r o d u c i n g   m e t a l -  

r e i n f o r c e d   p a n e l s .  



A c c o r d i n g   to   t h e   i n v e n t i o n   i t   has   b e e n   f o u n d   t h a t   t h e   m e t a l -  

r e i n f o r c e m e n t   e l e m e n t s   c o n v e n t i o n a l l y   u s e d   in  b a t t e r y - m o l d -  

ing   of  p a n e l s   of  c o n c r e t e   or  t h e   l i k e   m a t e r i a l s   do  n o t   h a v e  

s u f f i c i e n t   s h a p e   d e f i n i t i o n   or  s h a p e   c o n g r u e n c e ,   i . e .   a r e  

n e i t h e r   s u f f i c i e n t l y   c o n f o r m e d   w i t h ,   no r   s u f f i c i e n t l y   c o n -  

f o r m a b l e   t o ,   t h e   g e n e r a l   s h a p e   of  t h e   f i n a l   p a n e l s .  

F u r t h e r ,   i t   was  f o u n d   t h a t   s h a p e   d e f i n i t i o n   in  a  g e n e r a l l y  

s e l f - s u p p o r t i n g   r e i n f o r c e m e n t   s t r u c t u r e   and  s u f f i c i e n t   r i g i d -  

i t y   of  t h a t   s t r u c t u r e   a r e   r e q u i r e d   f o r   g e n e r a l l y   i m p r o v i n g  

t h e   e c o n o m i c   f e a s i b i l i t y   of  p r o d u c i n g   m e t a l - r e i n f o r c e d   p a n e l s  

by  b a t t e r y - m o l d i n g   m e t h o d s .  

Now,  i t   was  f o u n d   a c c o r d i n g   to   a  f i r s t   g e n e r a l   e m b o d i m e n t   o f  

t he   i n v e n t i o n   t h a t   the   above   o b j e c t s   r e l a t i n g   to   t he   m e t a l -  

r e i n f o r c e m e n t   of  p a n e l s   p r o d u c e d   by  b a t t e r y - m o l d i n g   w i l l   b e  

a c h i e v e d   by  u s i n g ,   as  m e t a l - r e i n f o r c i n g   e l e m e n t s ,   g e n e r a l l y  

s t r a t i f o r m   b i p l a n a r   s t r u c t u r e s  f o r m e d   of  a t   l e a s t   two  d i s t = ,  

a n c e d   m e t a l   s h e e t s   m a i n t a i n e d   in  a  s u b s t a n t i a l l y   p a r a l l e l  

and  m u t u a l l y   s u p p o r t i n g   a r r a n g e m e n t ;   g e n e r a l l y ,   e a c h   s u c h  

s t r u c t u r e   w i l l   e x t e n d   s u b s t a n t i a l l y   t h r o u g h   e a c h   p a n e l .   W h i l e  

t he   use   of  m e t a l   s h e e t s   m a i n t a i n e d   in   s u b s t a n t i a l l y   p a r a l l e l  

and  m u t u a l l y   s u p p o r t i n g   d i s t a n c e d   r e l a t i o n   ( a l s o   t e r m e d  

" s h e e t   p a i r s "   h e r e i n )   as  m e t a l - r e i n f o r c e m e n t s   is   e s s e n t i a l   t o  

the   i n v e n t i o n ,   p e r m a n e n t   i n t e r c o n n e c t i o n   of  t h e   s h e e t   p a i r s  

p r i o r   to   c a s t i n g   i s   n o t .  

A c c o r d i n g   to   a  s e c o n d   g e n e r a l   e m b o d i m e n t   of  t h e   i n v e n t i o n   i t  

was  f o u n d   t h a t   t he   above   o b j e c t s   r e l a t i n g   to  t i l t i n g   of  b a t t -  

e ry   m o l d s   w i l l   b e  a c h i e v e d   by  u s i n g   s o - c a l l e d   f l u i d - c u s h i o n s ,  

i . e .   a t   l e a s t   one  bag  or  t he   l i k e   d e f o r m a b l e   and  f l e x i b l e  

s t r u c t u r e   c a p a b l e   of  v a r y i n g   t h e i r   o u t e r   s h a p e   in  r e s p o n s e  

to  a  v a r i a t i o n   of  t h e   amoun t   of  f l u i d   c o n t a i n e d   t h e r e i n ;   t h e  



c u s h i o n   or  bag  r e s t s   on  a  s u p p o r t   s u r f a c e ,   s u c h   as  the  g round  

of  a  c o n s t r u c t i o n   s i t e ,   and  is   c o n n e c t e d   w i t h   t h e   m o l d i n g  

box  in  a  m a n n e r   c a u s i n g   a  t i l t i n g   m o v e m e n t   of  t h e   m o l d i n g  

box  when  t he   a m o u n t   of  f l u i d   w i t h i n   t he   c u s h i o n ,   or  c u s h i o n s ,  

i s . c h a n g e d   in  a  p r e d e t e r m i n e d   m a n n e r .  

A c c o r d i n g   to   a  f i r s t   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i v e  

m e t h o d ,   a t   l e a s t   one  of  t h e   m e t a l   s h e e t s   of  t h e   b i p l a n a r  

s h e e t   p a i r   s t r u c t u r e   i s   p e r f o r a t e d   and  c o m p r i s e s   a  m u l t i p l i c -  

i t y   of  p r o t r u s i o n s   of  s u b s t a n t i a l l y   u n i f o r m   h e i g h t   e x t e n d i n g  

f rom  a  f i r s t   or  b a s e   p l a n e   d e f i n e d   by  t h e   u n p e r f o r a t e d   s h e e t  

p o r t i o n s   to  a  s e c o n d   or  e l e v a t e d   p l a n e   d i s t a n c e d   f rom  b u t  

e s s e n t i a l l y   p a r a l l e l   w i t h   t h e   f i r s t   p l a n e .  

In  t h i s   e m b o d i m e n t ,   t h e   s e c o n d   m e t a l   s h e e t   of  t h e   b i p l a n a r  

s t r u c t u r e   may  be  a  s u b s t a n t i a l l y   c o e x t e n s i v e   p l a i n   m e t a l  

s h e e t   t h a t   a b u t s   upon  t h e   p r o t r u s i o n s   of  t he   o t h e r   s h e e t .  

A c c o r d i n g   to   a  s e c o n d   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i v e  

m e t h o d ,   t he   b i p l a n a r   r e i n f o r c e m e n t  i s   f o r m e d   of  two  p e r f o r a t -  

ed  m e t a l   s h e e t s   h a v i n g   p r o t r u s i o n s   as  j u s t   m e n t i o n e d   and  a r r -  

a n g e d   in  such   m a n n e r   t h a t   t he   p r o t r u s i o n s   of  e a c h   one  s h e e t  

a b u t   upon  t he   b a s e   p l a n e   of  each   s e c o n d   s h e e t .  

V a r i o u s   t y p e s   of  m e t a l   s h e e t s   h a v i n g   p r o t r u s i o n s   s u i t a b l e  

f o r   t h e   i n v e n t i v e   m e t h o d   a r e   known  in  t he   a r t   of  m e t a l   c o m -  

p o s i t e s ,   e . g .   as  d i s c l o s e d   in  F r e n c h   P a t e n t   N o . . 1 , 0 4 5 , 3 1 5  

and  in  U.S .   P a t e n t   No.  3 , 0 0 8 , 5 5 1 ;   a  p a r t i c u l a r l y   p r e f e r r e d  

t y p e   of  m e t a l   s h e e t   f o r   use   in  t he   p r e s e n t   i n v e n t i o n   is   d i s -  

c l o s e d   in  U.S.   P a t e n t   No.  4 , 1 3 9 , 6 7 0   i n c o r p o r a t e d   h e r e i n   b y  

way  of  r e f e r e n c e .  



In  b a t t e r y - m o l d i n g   a c c o r d i n g   to   a l l   e m b o d i m e n t s   of  t h e   i n -  

v e n t i v e   m e t h o d ,   t h e   b i p l a n a r   r e i n f o r c e m e n t s   a r e   a r r a n g e d   i n  

t he   c a v i t y   of  t h e   m o l d i n g   box  as  a  s t a c k   w i t h   p a r t i t i o n i n g  

means  or  l a y e r s   b e t w e e n   any  a d j a c e n t   p a i r s ;   b e c a u s e   of  t h e  

m u t u a l l y   s u p p o r t i n g   a r r a n g e m e n t   of  t h e   m e t a l   s h e e t   in  t h e  

s h e e t   p a i r s   t h e   r e i n f o r c e m e n t s   a r e   s u b s t a n t i a l l y   r i g i d   a n d  

s u b s t a n t i a l l y   i n c o m p r e s s i b l e   so  t h a t   p a r t i t i o n o n i n g   means   o r  

l a y e r s   can   be  f o r m e d   s i m p l y   by  a p p l y i n g   a  l a y e r   of  m o l d - r e -  

l e a s e   a g e n t ,   such   as  m i n e r a l   o i l ,   o n t o   t he   o u t e r   s u r f a c e   o f  

t h e   s h e e t   p a i r s .   O t h e r  t y p e s   of  p a r t i t i o n i n g   m e a n s  c a n   b e  

u s e d   as  w e l l   as  e x p l a i n e d   b e l o w .  

G e n e r a l l y ,   t h e   l a y e r s   of  t h e   s t a c k   in  t h e   c a v i t y   of  t h e  

m o l d i n g   box  a r e   p a r a l l e l   to  t h e   s i d e   w a l l s   of  t h e   m o l d i n g  

box  and  have   e s s e n t i a l l y   t h e   same  l e n g t h   as  t he   c a v i t y .   T h e n ,  

a  f l o w a b l e   and  h a r d e n a b l e   m a t e r i a l ,   s u c h   as  a  p o u r a b l e   c o n -  

c r e t e   mix  or  t h e   l i k e   m a t r i x i n g   m a t e r i a l ,   i s   c a s t   i n t o   t h e  

p a r t i t i o n e d   m o l d i n g   c a v i t y   u n t i l   t h e   r e i n f o r c e m e n t s   a r e   c o v -  

e r e d ,   and  t h e   m a t r i x i n g   m a t e r i a l   i s   a l l o w e d   to   h a r d e n .   C a s t -  

ing  and  h a r d e n i n g   of  t h e   c o n c r e t e   or  t h e   l i k e   m a t e r i a l   i s  

e f f e c t e d   w i t h   t he   s t a c k   in  a  v e r t i c a l l y   l a y e r e d   o r i e n t a t i o n  

and  t h e   b o t t o m   of  t he   m o l d i n g   box  in  h o r i z o n t a l   p o s i t i o n .  

When  u s i n g   a  t i l t a b l e   m o l d i n g   b o x ,   f o r m a t i o n   o f  t h e   s t a c k  

p r i o r   to  c a s t i n g   as  w e l l   as  d i s c h a r g i n g   t he   p a n e l s   a f t e r  

h a r d e n i n g   of  t h e   c o n c r e t e   may  be  done   when  t h e   b o t t o m   w a l l  

of  t he   m o l d i n g   box  i s   n o t   h o r i z o n t a l ,   e . g .   in  a  v e r t i c a l   o r  

i n c l i n e d   p o s i t i o n .  

Thus ,   w h i l e   c a s t i n g   r e q u i r e s   v e r t i c a l   s t r a t i f i c a t i o n   of  t h e  

s t a c k ,   b o t h   the   s t a c k i n g   and  t h e   d i s c h a r g e   o p e r a t i o n   may  b e  

done  a d v a n t a g e o u s l y   w i t h   a  n o n - v e r t i c a l ,   e . g .   h o r i z o n t a l ,  

s t r a t i f i c a t i o n   of  t h e   s t a c k .   A c c o r d i n g l y ,   use   of  a  t i l t a b l e  



m o l d i n g   box  is  a d v a n t a g e o u s   f o r   t he   i n v e n t i v e   m e t h o d   and  t h e  

use   of  t h e   n o v e l   t i l t a b l e   m o l d i n g   a p p a r a t u s   d i s c l o s e d   h e r e i n  

i s   p r e f e r r e d .  

S u i t a b l e   m a t r i x i n g   m a t e r i a l s   and  c a s t i n g   m e t h o d s   a r e   known  i n  

t h e   a r t   and  w i l l   n o t   be  d i s c u s s e d   h e r e i n   in  d e t a i l .  

T y p i c a l   p a n e l s   t h a t   can  be  o b t a i n e d   a c c o r d i n g   to  t h e   i n v e n t -  

i on   c o m p r i s e   t h e   b i p l a n a r   m e t a l - r e i n f o r c e m e n t   and  a  m a t r i x  

o f . c o n c r e t e   or  t h e   l i k e   m a t e r i a l   s h a p e d   in  s u b s t a n t i a l   s h a p e  

c o n g r u e n c e   w i t h   t h e   e x t e r n a l   fo rm  o f  - t h e   b i p l a n a r   r e i n f o r c e -  

m e n t .   A  t y p i c a l   p a n e l   t h i c k n e s s   i s   in  t h e   r a n g e   of  f r o m  

20  mm  to  300  mm  or  m o r e ;   a  t y p i c a l   p a n e l   l e n g t h   i s   in  t h e  

r a n g e   of  f rom  1  m  to   20  m  w h i l e   a  t y p i c a l   p a n e l   w i d t h   i s   i n  

t h e   r a n g e   of  f rom  0 .5   m  to  3  m  or  m o r e .  

The  t e r m   " m e t a l   s h e e t "   i s   i n t e n d e d   to  e n c o m p a s s   s h e e t s   o r  

p l a t e s   made  of  n o r m a l l y   s o l i d   s t r u c t u r a l   m e t a l s   s u c h   as  i r o n ,  

i r o n   a l l o y s   i n c l u d i n g   s t e e l   ( p r e f e r r e d ) ,   a l u m i n u m   or  t h e   l i -  

ke  w i t h   a  t y p i c a l   g a u g e   of  f rom  a b o u t   0 .2   mm  to  a b o u t   5  mm, 

p r e f e r a b l y   of  f rom  a b o u t   0 .5   mm  to  a b o u t   3  mm. 

" P r o t r u s i o n "   i s   i n t e n d e d   to   e n c o m p a s s   e l e m e n t s   of  a  p r e d e -  

t e r m i n e d   s h a p e   e x t e n d i n g   f rom  a  m e t a l   s h e e t ,   e . g .   l o c a l   d e -  

f o r m a t i o n s   of  t he   m e t a l   s h e e t ;   i n t e g r a l   p r o t r u s i o n s   of  t h e  

t y p e   o b t a i n e d   by  c o n t r o l l e d   l o c a l   d e f o r m a t i o n   of  a  s h e e t ,  

s u c h   as  by  d e e p - d r a w i n g ,   g e n e r a l l y   c o m b i n e d   w i t h   s l i t - c u t t -  

i ng   f o r   c o n t r o l l e d   s h a p i n g   in  s u b s e q u e n t   d e e p - d r a w i n g ,   a r e  

p r e f e r r e d .  

" B a t t e r y - m o l d i n g "   r e f e r s   to  t he   m e t h o d   of  c a s t i n g   i n t o   a  

m u l t i - p a r t i t i o n e d   m o l d i n g   c a v i t y   a  f l o w a b l e   or  p o u r a b l e   a n d  

h a r d e n a b l e   m a t e r i a l   c a p a b l e   of  f o r m i n g   a  m a t r i x   t h a t   i s   c a p -  



a b l e   to   e n c o m p a s s   a  m e t a l - r e i n f o r c e m e n t ;   t y p i c a l   e x a m p l e s  

a r e   c o n c r e t e   m i x t u r e s   of  t he   l i g h t ,   medium  or  h e a v y   t y p e ,  

b u t   o t h e r   m i n e r a l - b a s e d   or  p o l y m e r - b a s e d   m a t r i x i n g   m a t e r i a l s  

a r e   n o t   e x c l u d e d .  

The  t e r m   " s h a p e   c o n g r u e n c e "   as  u s e d   h e r e i n   r e f e r s   to   a  s u b -  

s t a n t i a l   s i m i l a r i t y   or  c o n g r u i t y   of  t h e   g e n e r a l   o u t e r   s h a p e  

of  one  body  w i t h   a n o t h e r   and  d o e s   n o t   i m p l y   c o n g r u e n c e   i n  

t h e   m a t h e m a t i c a l   or   g e o m e t r i c a l   s e n s e .  

" R i g i d "   w i t h   r e g a r d   to   t he   b i p l a n a r   r e i n f o r c e m e n t   i s   m e a n t  

to   i n d i c a t e   t h e   c a p a c i t y   of  t h e   r e i n f o r c e m e n t   s t r u c t u r e   t o  

m a i n t a i n   i t s   b i p l a n a r   s t r a t i f o r m   s h a p e   w i t h o u t   s u b s t a n t i a l  

d e f o r m a t i o n   u n d e r   l o a d s   a c t i n g   upon   t h e   r e i n f o r c e m e n t   s t r u c t -  

u r e   in  t he   m o l d i n g   box  d u r i n g   c a s t i n g   i n c l u d i n g   l a t e r a l l y  

a c t i n g   p r e s s u r e s   c a u s e d   by  v e r t i c a l   or  h o r i z o n t a l   s t a c k i n g  

of  t he   r e i n f o r c e m e n t   s t r u c t u r e s .  

" P a r t i t i o n i n g   m e a n s "   r e f e r s   to  l a y e r s   b e t w e e n   a d j a c e n t   b i -  

p l a n a r   r e i n f o r c i n g   s t r u c t u r e s   s u i t a b l e   to  p a r t i t i o n ,   i ' . e .  

m a i n t a i n   s e p a r a t e   or  s e p a r a b l e ,   t h e   s t a c k e d   r e i n f o r c e m e n t  

s t r u c t u r e s   in  t h e   c a s t i n g   o p e r a t i o n ;   t h u s ,   p a r t i t i o n i n g  

means   i n c l u d e s   s e p a r a t e   m e a n s , . s u c h   as  m o l d i n g   b o a r d s ,   p r e -  

f o r m e d  l a y e r s   or  p a n e l s   t h a t   a r e   a t t a c h e d   to  the   r e i n f o r c -  

ing  s t r u c t u r e s   or   become  a t t a c h e d   to   t he   l a t t e r   upon  c a s t -  

i n g ,   p o l y m e r   s h e e t s   o r . l a y e r s ,   and  f i l m s   of  a  m o l d - r e l e a s e  

a g e n t ,   such   as  a  m i n e r a l   o i l ,   a p p l i e d   to   t he   o u t e r   s u r f a c e  

of  a  b i p l a n a r   r e i n f o r c i n g   s t r u c t u r e .  

G e n e r a l l y ,   p a r t i t i o n i n g   l a y e r s ,   such   as  a  c o a t i n g   of  p e r m -  

a n e n t   or  t e m p o r a r y   m o l d - r e l e a s e   m a t e r i a l ,   can  be  a p p l i e d   t o  

t h e   mold  c a v i t y   w a l l s .  



The  i n v e n t i o n   w i l l   be  e x p l a i n e d   in   more  d e t a i l   w i t h   r e f e r -  

e n c e   to  t he   d r a w i n g s   in  w h i c h  

F i g u r e   1A  is   a  p e r s p e c t i v e   v i e w   of  t h e   g e n e r a l   scheme  of  a  

m o l d i n g   box  c o n t a i n i n g   a  s t a c k   of  b i p l a n a r   s t r u c t u r e s   f o r  

p r o d u c i n g   p a n e l s   a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g u r e   1B  is   a  p e r s p e c t i v e   v i e w   of  t h e   g e n e r a l   scheme  of  a  

b i p l a n a r   s t r a t i f o r m   m e t a l - r e i n f o r c e m e n t   f o r   p r o d u c i n g   p a n e l s  

a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c   s e c t i o n a l   v i e w   of  a  p o r t i o n   of  a  

s t a c k   in  t he   m o l d i n g   box  of  F i g u r e   1A; 

F i g u r e   3  is   a  d i a g r a m m a t i c   and  f r a g m e n t e d   t op   v iew  of  a  m e t -  

al   s h o o t   s u i t a b l e   f o r   p a i r w i s e   a s s e m b l y   to  form  b i p l a n a r  

s t r u c t u r e s   f o r   use   in  t he   i n v e n t i v e   m e t h o d ;  

F i g u r e   4  is   an  e n l a r g e d   s e c t i o n a l   v i e w   of  F i g u r e   3  a l o n g   4 - 4 ;  

F i g u r e   5  is   an  e n l a r g e d   s e c t i o n a l   v i e w   of  F i g u r e   3  a l o n g   5 - 5 ;  

F i g u r e s   6A,  6B  and  6C  a re   d i a g r a m m a t i c   c r o s s - s e c t i o n a l   v i e w s  

of  a  m o l d i n g   box  d u r i n g   t he   ma in   s t a g e s   of  a  c y c l e   of  p a n e l -  

f o r m i n g   a c c o r d i n g   to  t he   i n v e n t i o n ;  

F i g u r e   7  is  a  d i a g r a m m a t i c   p e r s p e c t i v e   v i ew  of  a  t i l t a b l e  

m o l d i n g   a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g u r e   7A  is   a  d i a g r a m m a t i c   p r e s e n t a t i o n   of  t i l t i n g   p o s i t i o n s  

of  t h e   a p p a r a t u s   of  F i g u r e   7,  a n d  

F i g u r e   8  i s   a  d i a g r a m m a t i c   p r e s e n t a t i d n   of  t he   o p e r a t i n g   p o s -  

i t i o n s   of  a  s e c o n d   e m b o d i m e n t   of  t h e   i n v e n t i v e   a p p a r a t u s .  



The  g e n e r a l   d i a g r a m   of  a  m o l d i n g   box  10  f o r   u se   in  t h e   i n -  

v e n t i v e   m e t h o d   is   shown  in  F i g u r e 1 A .   Box  10  e s s e n t i a l l y   c o n -  

s i s t s   of  two  f r o n t   w a l l s   12,  13,  two  s i d e   w a l l s   14,  15  a n d  

a  b o t t o m   w a l l   16.  The  i n t e r i o r   s u r f a c e s   of  t h e   w a l l   m e m b e r s  

d e f i n e   an  e l o n g a t e d   mold   c a v i t y .  

A  v e r t i c a l l y   l a y e r e d   s t a c k   11  of  b i p l a n a r   s t r u c t u r e s   1 7 ,  . 1 8  

w i t h   p a r t i t i o n i n g   l a y e r s   i n b e t w e e n   i s   a r r a n g e d   w i t h i n   t h e  

c a v i t y   of  box  10.  The  l e n g t h   of  e a c h   s t r u c t u r e   17,  18  i s  

s u b s t a n t i a l l y   t he   same  as  t h a t   of  t h e   c a v i t y   and  t h e   p a r t -  

i t i o n i n g   l a y e r s   a r e   g e n e r a l l y   c o e x t e n s i v e   w i t h   t h e   b i p l a n a r  

s t r u c t u r e s   17,  1 8 .  

P r e f e r a b l y ,   box  10  i s   t i l t a b l e   as  e x p l a i n e d   b e l o w   and  p e r -  

m i t s   o p e n i n g   of  t h e   c a v i t y ,   e . g .   by  r e m o v i n g   or  r e l e a s i n g  

one  s i d e   w a l l   15  as  shown  in  b r o k e n   l i n e s   in  r e l e a s e d   p o s -  

i t i o n   1 5 a .  

Box  10  w i t h   s t a c k   11  i s   in  c a s t i n g   p o s i t i o n ,   i . e .   p r i o r   t o  

f i l l i n g   c o n c r e t e   or  t h e   l i k e   m a t e r i a l   i n t o   t h e   mold   c o m p a r t -  

m e n t s   d e f i n e d   e s s e n t i a l l y   by  t h e   b i p l a n a r   s t r u c t u r e s   17,  18 

b e t w e e n   p a r t i t i o n i n g   l a y e r s .  

F i g u r e   1B  shows  t h e   d i a g r a m   of  a  s t r a t i f o r m   b i p l a n a r   r e i n -  

f o r c e m e n t   s t r u c t u r e   100  a c c o r d i n g   to   t h e   i n v e n t i o n .   Two  s u b -  

s t a n t i a l l y   c o e x t e n s i v e   and  m u t u a l l y   d i s t a n c e d   m e t a l   s h e e t s  

101,   102  a r e   m a i n t a i n e d   in  a  s u b s t a n t i a l l y   p a r a l l e l   and  m u t u -  

a l l y   s u p p o r t i n g   a l i g n m e n t   by  means   of  d i s t a n c i n g   e l e m e n t s  

103.   In  p r a c t i c e ,   e l e m e n t s   103  w i l l   n o t   n o r m a l l y   be  r o d - l i k e  

or  p i n - l i k e   s t r u c t u r e s   b u t   p r o t r u s i o n s   p r o v i d e d   on  one  o r  

b o t h   s h e e t s   101,   102;  p r e f e r r e d   f o r m s   of   p r o t r u s i o n s   w i l l   b e  



e x p l a i n e d   b e l o w .   I t   is  to  be  n o t e d ,   h o w e v e r ,   t h a t   e l e m e n t s  

103  n e e d   n o t   i n t e r c o n n e c t   s h e e t s   101,  1 0 2  s u c h   as  by  i n t e r -  

w e l d i n g .   In  f a c t ,   i t   i s   p r e f e r r e d   i f   one  end  o n l y   of  e a c h  

e l e m e n t   103  is   c o n n e c t e d   w i t h   a  s h e e t .   T h u s ,   a l l   e l e m e n t s   103  

m i g h t   be  c o n n e c t e d   w i t h   s h e e t   101  (as  i n d i c a t e d   by  t h e   d o t s  

on  1 0 1 ) ,   w h i l e   s h e e t   102  m e r e l y   a b u t s   upon  t h e   o t h e r   e n d s .  

A l t e r n a t i v e l y ,   some  e l e m e n t s   103  m i g h t   be  c o n n e c t e d   w i t h  

s h e e t   101  and  some  o t h e r   e l e m e n t s   103  m i g h t   be  c o n n e c t e d  

w i t h   s h e e t   1 0 2 .  

Due  to   t h e   u se   of  t he   b i p l a n a r   r e i n f o r c i n g   s t r u c t u r e s   a c c -  

o r d i n g   to   t h e   i n v e n t i o n ,   t h e   t h i c k n e s s   of  t h e   mold   c o m p a r t -  

m e n t s   ( i . e .   t he   d i m e n s i o n   t h a t   d e t e r m i n e s   t h e   p a n e l   t h i c k -  

n e s s )   in  m o l d i n g   box  10  as  w e l l   as  a  s u b s t a n t i a l l y   p a r a l l e l  

a l i g n m e n t   of  such   c o m p a r t m e n t s   p r i o r   to   c a s t i n g , i s   m a i n t a i n -  

ed  by  t h e   b i p l a n a r   s t r u c t u r e s   1 7 ,  1 8   ( w i t h   or  w i t h o u t   e x t e r n -  

a l   d i s t a n c i n g   m e a n s ) .  

T h i s   p r o v i d e s   f o r   s e v e r a l   and  s u b s t a n t i a l   a d v a n t a g e s :  

(a)  s m o o t h   c a v i t y   w a l l s   and  h e n c e   l e s s   m a i n t e n a n c e   p r o b l e m s ;  

(b)  p a n e l s   of  d i f f e r e n t   p r e d e t e r m i n e d   t h i c k n e s s   can  be  o b -  

t a i n e d   even   in  one  b a t c h   as  t h e   p a n e l   t h i c k n e s s   w i l l   b e  

d e f i n e d   by  t he   b i p l a n a r   m e t a l - r e i n f o r c i n g   s t r u c t u r e  

( w i t h   or  w i t h o u t   e x t e r n a l   d i s t a n c i n g   means   t h e r e o n )   b e -  

c a u s e   r e i n f o r c i n g   s t r u c t u r e s   of  d i f f e r e n t   t h i c k n e s s   may  

be  u s e d   in  a  b a t c h ;  

(c)  t he   mold  b a t t e r y   can  be  s e t   up  more  c o n v e n i e n t l y   m e r e l y  

by  s t a c k i n g   the   r e i n f o r c e m e n t s   w i t h   i n t e r m e d i a t e   p a r t -  

i t i o n i n g   l a y e r s   in  t he   mold  c a v i t y ,   i n s t e a d   of  f i r s t  

f o r m i n g   t he   mold  c o m p a r t m e n t s   by  m o u n t i n g   p a r t i t i o n i n g  

l a y e r s   and  s u b s e q u e n t   i n s e r t i o n   of  the   r e i n f o r c e m e n t s   i n -  

to  t he   c o m p a r t m e n t s .  



G e n e r a l l y ,   t h e   l e n g t h   and  w i d t h   d i m e n s i o n s   of  t h e   b i p l a n a r  

r e i n f o r c e m e n t s   w i l l   s u b s t a n t i a l l y   c o r r e s p o n d   w i t h   t h e   l e n g t h  

and  w i d t h   d i m e n s i o n s   of  t h e   p a n e l s   p r o d u c e d .  

A . h o r i z o n t a l   s e c t i o n a l   p o r t i o n   19  ( i n d i c a t e d   in  b r o k e n   l i n e s  

in  F i g u r e   1A)  of  s t a c k   11  i s   shown  d i a g r a m m a t i c a l l y   in  an  e n -  

l a r g e d   p r e s e n t a t i o n   i n  F i g u r e   2.  W h i l e   s t a c k s   of  r e i n f o r c e -  

m e n t s   and  p a r t i t i o n i n g   l a y e r s   of  t h e   same  k i n d s   w i l l   be  u s e d  

in  p r a c t i c e ,   a  h e t e r o g e n e o u s   s t a c k   i n c l u d i n g   d i f f e r e n t   t y p e s  

of  p a r t i t i o n i n g   l a y e r s   and  r e i n f o r c e m e n t s   i s   shown  in   F i g u r e  

2  f o r   i l l u s t r a t i o n .  

P o r t i o n   19  of  s t a c k   11  i n c l u d e s   one  t y p e   of  r e i n f o r c e m e n t s  

25,  26  c o n s i s t i n g   e a c h   of  one  p l a i n   m e t a l   s h e e t   250 ,   260  a n d  

a  s e c o n d   m e t a l   s h e e t   ( b a s e   n o t   shown)  h a v i n g   a  m u l t i p l i c i t y  

of  p r o t r u s i o n s   259 ,   269  ( o n l y   one  i s   shown)  t h a t   a b u t   u p o n  

s h e e t   250,   260.   A n o t h e r   t y p e   of  r e i n f o r c e m e n t s   23,  24  s h o w n  

i s   f o r m e d   of  p a i r s   of  p e r f o r a t e d   m e t a l   s h e e t s   230 ,   231;  2 4 0 ,  

241,   e a c h   h a v i n g   a  m u l t i p l i c i t y   of  p r o t r u s i o n s   238 ,   2 3 9 ;  

248 ,   249  ( o n l y   one  shown  f o r   e a c h   s h e e t )   a b u t t i n g   upon  t h e  

o t h e r   s h e e t   of  t h e   p a i r .   As  shown  f o r   r e i n f o r c e m e n t   23,  t h e  

p r o t r u s i o n s   238 ,   239  may  be  a l i g n e d   f o r   maximum  m u t u a l   o v e r -  

l a p ,   o r  -   as  shown  f o r   r e i n f o r c e m e n t   2 4  -   t h e   p r o t r u s i o n s  

248 ,   249  may  be  in  an  o f f - s e t   a r r a n g e m e n t .  

P a r t i t i o n i n g   l a y e r s   of  d i f f e r e n t   t y p e s   a r e   shown  in  F i g u r e   2 :  

A - f i l m   203  of  a  mold   r e l e a s e   a g e n t ,   such   as  m i n e r a l   o i l ,   i s  

b e t w e e n   a d j a c e n t   r e i n f o r c e m e n t s   23,  25;  s u c h   f i l m   c o u l d   b e  

a  p o l y m e r   s h e e t   or   f i l m   a s  w e l l .   A  r e u s a b l e   m o l d i n g   b o a r d  

21  i s   shown  b e t w e e n  a d j a c e n t   r e i n f o r c e m e n t s   24,  26  and  a  

p a r t i t i o n i n g   l a y e r   202  in  form  of  a  p r e f o r m e d   p l a t e ,   e . g .   m a -  

de  of  an  i n s u l a t i n g   m a t e r i a l   such   as  p l a s t e r ,   i s   shown  b e -  



t w e e n   r e i n f o r c e m e n t s   24,  26.  L a y e r   202  w i l l   become  i n t e g r a t -  

ed  w i t h   t h e   p a n e l   t h a t   i s   f o r m e d   w i t h   r e i n f o r c e m e n t   26  u p o n  

c a s t i n g   and  w i l l   have   a  mold   r e l e a s e   l a y e r   ( n o t   shown)  o n  

i t s   s u r f a c e   t u r n e d   t o w a r d s   r e i n f o r c e m e n t   2 4 .  

Wi th   r e f e r e n c e   t o  t h e   r e i n f o r c e m e n t s   23,  24  e a c h   i s   f o r m e d  

of  two  m e t a l   s h e e t s   230,   231;   240,   241  of  i d e n t i c a l   s t r u c t -  

u r e   as  e x p l a i n e d   b e l o w .   When  s u c h   s h e e t s   a r e   p u t   one  o n t o   t h e  

o t h e r   w i t h   t he   p r o t r u s i o n s   p o i n t i n g   in  t he   same  d i r e c t i o n  

( i . e .   n o t   f o r   f o r m i n g   r e i n f o r c e m e n t s ) ,   c o m p a c t   s t a c k s   of  t h e  

p e r f o r a t e d   s h e e t s   can  be  f o r m e d   and  t h i s   i s   a d v a n t a g e o u s   f o r  

c o n v e n i e n t   s t o r a g e   and  t r a n s p o r t .   H o w e v e r ,   when  a r r a n g i n g  

two  m e t a l   s h e e t s   230,   231;   240 ,   241  w i t h   t h e   p r o t r u s i o n s  

p o i n t i n g   t o w a r d s   e a c h   o t h e r   as  shown  f o r   r e i n f o r c e m e n t s   2 3 ,  

24,  t h e   f i r s t   or  b a s e   p l a n e   of  one  s h e e t   of  e a c h   r e i n f o r c e -  

ment   w i l l   be  s u b s t a n t i a l l y   c o n t i g u o u s   w i t h   t h e   s e c o n d   p l a n e  

of  t h e   o t h e r   s h e e t   and  an  e x t r e m e l y   w e l l   s u p p o r t e d   r e i n f o r c e -  

men t   w i t h   i n t e r m e s h i n g   p r o t r u s i o n s   f o r   f i r m l y   a n c h o r i n g   t h e  

r e i n f o r c e m e n t   in  t h e   m a t r i x   of  t h e   p a n e l   w i l l r e s u l t .  

G e n e r a l l y ,   a  s u b s t a n t i a l l y   i n c o m p r e s s i b l e   b i p l a n a r   r e i n f o r c e -  

ment   i s   d e s i r a b l e   t h a t   can  w i t h s t a n d   any  c o m p r e s s i v e   f o r c e  

n o r m a l l y   e n c o u n t e r e d   w i t h i n   a  b a t t e r y   mold   w i t h o u t   l a t e r a l l y  

g u i d e d   p a r t i t i o n i n g   m e a n s ;   t h u s ,   a  h i g h   c o m p r e s s i v e   s t r e n g t h  

of  t h e   p r o t r u s i o n s   i s   d e s i r a b l e   and  t h e   s h a p e   of  t he   p r o t r u s i -  

ons   shown  in  F i g u r e   2  i s   w e l l   s u i t e d   f o r   t h i s   p u r p o s e .  

The  i n t e r s p a c e   27  b e t w e e n . s h e e t s   230,   231  i s   an  i n t e r c o m m u n i c -  

a t i n g   s p a c e   t h a t   w i l l   be  f i l l e d   w i t h   m a t r i x i n g   m a t e r i a l   u p o n  

c a s t i n g   and  c o m m u n i c a t e s   v i a   t h e   p e r f o r a t i o n s   w i t h   any  i n t e r -  

s p a c e   28  b e t w e e n   t h e   o u t s i d e   of  m e t a l - r e i n f o r c e m e n t   23  a n d  



a d j a c e n t   m o l d i n g   b o a r d   21  so  t h a t   a  c o h e r e n t   m a t r i x   c a n  

be  f o r m e d   upon  c a s t i n g .  

As  i n d i c a t e d   a b o v e ,   i n t e r s p a c e s   28  b e t w e e n   t h e   o u t e r   s u r f a -  

c e s   of  t h e   r e i n f o r c e m e n t s   and  a d j a c e n t   s u r f a c e s   a r e   o p t i o n a l  

and  can   be  f o r m e d   by  means   of  d i s t a n c i n g   e l e m e n t s   201  i n s e r t -  

ed  b e t w e e n   the   r e i n f o r c e m e n t s   and  a d j a c e n t   m o l d i n g   s u r f a c e s .  

As  s u c h   d i s t a n c i n g   e l e m e n t s   w i l l   be  i n c o r p o r a t e d   i n t o   t h e  

f i n a l   p a n e l ,   e l e m e n t s   201  p r e f e r a b l y   w i l l   c o n s i s t   of  m a t e r i -  

a l s   of  l o w  h e a t   c o n d u c t i v i t y ,   e . g .  o f .  a  c e r a m i c   m a t e r i a l ,  .  

c o n c r e t e ,   p l a s t e r   or  t h e   l i k e , w h e n   a  g e n e r a l l y   low  h e a t   c o n -  

d u c t i v i t y   is   d e s i r e d   f o r   t h e   o u t e r   s u r f a c e s   of  t h e   p a n e l s .  

F u r t h e r ,   as  i n d i c a t e d   f o r   r e i n f o r c e m e n t   26  a  p r e f o r m e d   p l a t e  

202  of  p l a s t e r   or  t he   l i k e   can   be  u s e d   a t   one  or   b o t h   o u t e r  

s u r f a c e s   of  t he   r e i n f o r c e m e n t   to   p r o v i d e   f o r   d i s t a n c i n g   f r o m  

an  a d j a c e n t   s u r f a c e ;   p l a t e   202  t h u s   i s   a  p a r t i t i o n i n g   l a y e r  

a l s o   s e r v i n g   as  a  d i s t a n c i n g   e l e m e n t .  

F i g u r e   3  i s   a  d i a g r a m m a t i c ,   b r o k e n - a p a r t   t o p   v i e w   of  a  m e t -  

a l   s h e e t   30  f o r   a  b i p l a n a r   r e i n f o r c e m e n t   a c c o r d i n g   to   t h e  

i n v e n t i o n   r e s u l t i n g   f rom  a s s e m b l i n g   m e t a l   s h e e t   p a i r s   w h e r e -  

in  a t   l e a s t   one  s h e e t   has   p r o t r u s i o n s .  

A  m u l t i p l i c i t y   of  e l o n g a t e d   s t r i p - t y p e   p r o t r u s i o n s   31  i s  

p r o v i d e d   on  s h e e t   30;  t he   p r o t r u s i o n s   e x t e n d   f rom  t h e   f i r s t  

or  b a s e   p l a n e   39  to  a  s e c o n d   or  e l e v a t e d   p l a n e   d i s t a n c e d   f r o m  

p l a n e   39  b u t   p a r a l l e l   t h e r e w i t h .   Each  p r o t r u s i o n   31  has   a  

l o n g i t u d i n a l   d i m e n s i o n   L  ( l e n g t h ) ,   a  l a t e r a l   d i m e n s i o n   B1 

( w i d t h )   and  an  e l e v a t i o n a l   d i m e n s i o n   B H  ( s h o w n   in  t h e   e n l a r g -  

ed  c r o s s - s e c t i o n a l   v i ew   of  one  p r o t r u s i o n   in  F i g u r e   5 ) .   T h e  

a c t u a l   d i m e n s i o n s   of  t he   p r o t r u s i o n   w i l l   d e p e n d   upon  s u c h  

p a r a m e t e r s   as  p a n e l   d i m e n s i o n s ,   t y p e   of  m a t r i x i n g   m a t e r i a l  



and  d e s i r e d   d e g r e e   of  r e i n f o r c e m e n t .   A  main   p a r a m e t e r   i s   t h e  

t h i c k n e s s   of  t h e   r e i n f o r c i n g   m e t a l   s t r u c t u r e   w h i c h ,   t y p i c -  

a l l y ,   w i l l   be  in  t h e   r a n g e   of  f rom  a b o u t   20  mm  to  300  mm  o r .  

more  with  s h e e t   g a u g e s   in  t he   r a n g e   o f  f r o m   a b o u t   0 .5   mm  t o  

a b o u t   3  mm.  The  f o l l o w i n g   minimum  r a t i o s   a s s u m i n g   a  g i v e n  

s h e e t   t h i c k n e s s   a r e   p r e s e n t e d   f o r   i l l u s t r a t i o n :  

l a t e r a l   d i m e n s i o n   of  t h i c k n e s s   o f  

p r o t r u s i o n   (B1)  :  s h e e t   =  1 0 : 1  

e l e v a t i o n a l   d i m e n s i o n   t h i c k n e s s   o f  

of  p r o t r u s i o n   ( B H )   s h e e t   =  1 5 : 1  

l o n g i t u d i n a l   d i m e n -   
:  

t h i c k n e s s   o f  =   5 0 : 1  
s i o n   (L)  of  p r o t r u s i o n   s h e e t  

Any  two  a d j a c e n t   p r o t r u s i o n s   31  a r e   s e p a r a t e d   by  a  d i s t a n c e  
B2  t h a t   g e n e r a l l y   i s   a t   l e a s t   as  g r e a t   as  B1.  The  p r o t r u s i o n s  

31  a r e   f o r m e d   e a c h   b e t w e e n   two  p a r a l l e l   c u t s   or  s l i t s   33,  34 

in  t he   s h e e t   by  p r e s s i n g   or  d e e p - d r a w i n g   of  t he   s h e e t   m a t e r i -  

a l   of  t h e   s t r i p   to   p r o v i d e   a  s h a p e   such   as  shown  in  F i g u r e s  

2  and  5  i l l u s t r a t i n g   a  p r e f e r r e d   t r a p e z e - t y p e   or  b r i d g e - s h a p -  

ed  c o n f i g u r a t i o n   t h a t   p r o v i d e s   f o r   h i g h   c o m p r e s s i v e   s t r e n g t h  

of  t h e   p r o t r u s i o n s .   As  shown  in  F i g u r e   5,  a  p e r f o r a t i o n   51 

r e s u l t s   when  t h e   p r o t r u s i o n  i s   f o r m e d .  

The  p r o t r u s i o n s   31  can  be  a r r a n g e d   in  p a t t e r n s   or  g r o u p s   a s  

shown  in  F i g u r e   3  by  A,  B  and  e a c h   g r o u p ,   or  any  p r o t r u s i o n ,  

i s   d i s t a n c e d   f rom  t he   s h e e t   e d g e s   37,  38  by  d i s t a n c e s   D1,  D2 .  

Of  c o u r s e ,   when  t h e   p r o t r u s i o n s   of  g r o u p s   A,  B  a r e   in  a  d i f f -  

e r e n t   a r r a y ,   e . g .   in  an  i n c l i n e d ,   l i n e a r   or  c u r v e d   p a t t e r n  

r a t h e r   t h a n   in  t h e   l i n e a r   v e r t i c a l   a r r a y   shown,   D1,  D   may 

be  d i f f e r e n t   f o r   e a c h   p r o t r u s i o n .   P r e f e r a b l y ,   D1,  D2  is   n o t  

s m a l l e r   t h a n   a b o u t   1/10  of  L.  More  t h a n   two  a r r a y s ,   or  o n l y  



one  a r r a y   w i t h   c o r r e s p o n d i n g l y   s m a l l e r   o r  l a r g e r   L  can  be  u s -  

e d . W h e n   u s i n g   l i n e a r   a r r a y s  w i t h   d i f f e r e n t   D  1  and  D 2  v a l u e s ,  

a  p a i r   a s s e m b l e d   f rom  such   s h e e t s   w i l l   p r o v i d e   f o r   o f f - s e t t -  

ing  of  t he   i n t e r m e s h e d   p r o t r u s i o n s   s u c h   as  in  r e i n f o r c e m e n t  

2 4 .  i n   F i g u r e   2  when  one  s h e e t   i s   t u r n e d   in   i t s   p l a n e .  

In  F i g u r e   3,  t h e   l o n g i t u d i n a l   d i m e n s i o n s   L  o f  t h e   p r o t r u s i o n s  

e x t e n d   p a r a l l e l   w i t h   s i d e   d i r e c t i o n   310 .   G e n e r a l l y ,   when  u s -  

ing  e l o n g a t e d   p r o t r u s i o n s ,   i t   i s   p r e f e r r e d   t h a t   t he   p r o t r u s i -  

on  l e n g t h   L  be  s u b s t a n t i a l l y   p a r a l l e l   w i t h   e i t h e r   d i r e c t i o n  

300  or  310  b u t   an  a n g u l a r   o r i e n t a t i o n   of  L  v e r s u s   300  or  L 

v e r s u s   310  c o u l d   be  u s e d   i f   i n t e r m e s h i n g   of  t h e   p r o t r u s i o n s  

w i t h i n   t h e   i n t e r s p a c e   b e t w e e n   t he   s h e e t s   and  m u t u a l   s u p p o r t  

of  t h e   u n p e r f o r a t e d   p o r t i o n   of  t he   one  s h e e t   by  t h e   p r o t r u s i -  

ons  of  t h e   o t h e r   s h e e t ,   and  v i c e - v e r s a ,   i s   o b t a i n e d   in  t h e  

b i p l a n a r   r e i n f o r c e m e n t .  

Use  of  p e r f o r a t e d   s h e e t s   i s   d e s i r a b l e   f o r   many  p u r p o s e s   a n d  

may  i m p r o v e   c o n n e c t i o n   of  t he   b i p l a n a r   r e i n f o r c e m e n t   w i t h  

the  m a t r i x .   Such  p e r f o r a t i o n s   may  be  f o r m e d   when  f o r m i n g   p r o -  

t r u s i o n s ,   or  s e p a r a t e   t h e r e f r o m .   G e n e r a l l y ,   t h e   d e g r e e   of  p e r -  

f o r a t i o n   of  a  s h e e t   may  be  in  t h e   r a n g e   of   f rom  20  to   60  % 

of  t he   s h e e t   s u r f a c e ;   f u r t h e r ,   t h e   m e t a l   s h e e t s   f o r m i n g   t h e  

b i p l a n a r   s t r u c t u r e s   may  be  made  r e s i s t a n t   a g a i n s t   c o r r o s i o n  

i f   r e q u i r e d   a n d / o r   p r e t r e a t e d   by  m e t h o d s   known  f o r   c o n v e n t -  

i o n a l   m e t a l   r e i n f o r c e m e n t   of  c o n c r e t e   and  t h e   l i k e   m a t r i x i n g  

m a t e r i a l s .  

A  g e n e r a l l y   u n i f o r m   d i s t r i b u t i o n   of  t he   p r o t r u s i o n s ,   or  o f  

t h e   p r o t r u s i o n   a r r a y s ,   on  t he   m e t a l   s h e e t s   may  be  d e s i r a b l e  

bu t   is   n o t   b e l i e v e d   to  be  c r i t i c a l .   A s y m m e t r i c   d i s t r i b u t i o n  

may  be  s u i t a b l e ,   e . g .   such   t h a t   p a i r w i s e   a s s e m b l y   of  i d e n t -  

i c a l   s h e e t s   f o r   m u t u a l   s u p p o r t   by  t he   p r o t r u s i o n s   can  be  e f f -  



e c t e d   w i t h   t he   s h e e t s   in  r e g i s t e r i n g   a l i g n m e n t   b u t   w i t h   t h e  

p r o t r u s i o n s   in  an  o f f - s e t   a l i g n m e n t .  

When  p a n e l s   a re   to  be  p r o d u c e d   a c c o r d i n g   to  t he   i n v e n t i o n  

w i t h   m e t a l   s h e e t s   t h a t   a re   s u b s t a n t i a l l y   s m a l l e r   t h a n   t h e   f i n -  

al   p a n e l s ,   two  o r  m o r e   s h e e t s   of  t h e   t y p e   d e s c r i b e d   can  b e  

c o n n e c t e d ,   e . g .   by  o v e r l a p p i n g   a r r a n g e m e n t   and  i n t e r l o c k i n g   o f  

p r o t r u s i o n s ,   to  fo rm  e x t e n d e d   s h e e t s   f o r   b o t h   p a r t s   of  t h e  

r e i n f o r c e m e n t s .  

F i g u r e  4   is   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i ew   a l o n g   4-4  o f  

F i g u r e   3  a f t e r   two  i d e n t i c a l   s h e e t s   30,  30'  have   been   a s s -  

e m b l e d   to  form  a  b i p l a n a r   s t r u c t u r e   a c c o r d i n g   to  t he   i n v e n t -  

i o n ;   d a s h - d o t t e d   l i n e s   X,  Y  i n d i c a t e   w h e r e   e a c h   b a s e   of  f i r s t  

p l a n e   39,  39'   of  one  s h e e t   30,  30'   c o n t a c t s   e ach   e l e v a t e d   o r  

s e c o n d   p l a n e   of  t h e   o t h e r   s h e e t   3 0 ' ,   30  in  t he   b i p l a n a r  

s t r u c t u r e   f o r m e d   by  s u p e r i m p o s i n g   two  i d e n t i c a l   s h e e t s   3 0 ,  

30'  w i t h   t h e i r   p r o t r u s i o n s   31,  31'   d i r e c t e d   t o w a r d s   e a c h  

o t h e r   in  an  i n t e r m e s h i n g   a r r a n g e m e n t .   The  s h e e t   a s s e m b l y   o f  

F i g u r e   4  i s   t h a t   of  r e i n f o r c e m e n t   s t r u c t u r e   2 3  i n   F i g u r e   2 .  

H o w e v e r ,   w i t h   an  o f f - s e t   i n t e r m e s h i n g   of  p r o t r u s i o n s   such   a s  

in  r e i n f o r c e m e n t   s t r u c t u r e   24,  t he   m u t u a l   c o n t a c t   of  p l a n e s  

in  X,  Y  wou ld   be  j u s t   t he   s a m e .  

F i g u r e   5  i s   an  e n l a r g e d   s e c t i o n a l   s i d e   v i ew   of  t he   s h a p e   o f  

a  p r o t r u s i o n   31  of  F i g u r e   3.  From  t h e   f i r s t   or  b a s e   p l a n e   PB 
d e f i n e d   by  the   u n p e r f o r a t e d   p a r t   of  t he   s h e e t ,   t he   two  s i d e  

p a r t s   52,  53  of  t h e   s t r i p   t h a t   f o rms   the   p r o t r u s i o n   31  e x -  

t e n d   to  t h e   s e c o n d   or  e l e v a t e d   p l a n e   PE  d e f i n e d   by  t he   m o s t  

e l e v a t e d   c e n t r a l   p o r t i o n   55  of  p r o t r u s i o n   3 1 .  



A  s u b s t a n t i a l l y   t r a p e z e - s h a p e d   p r o t r u s i o n ' ( w h e n   v i e w e d   in  a  

p l a n e   t h a t   is   p a r a l l e l   w i t h   t h e   l o n g i t u d i n a l   e x t e n s i o n   a n d  

v e r t i c a l   to   s h e e t   b a s e   39)  i s   a  p r e f e r r e d   fo rm  of  an  i n t e g r -  

a l   and  c o n t i n u o u s   or  b r i d g i n g - t y p e   p r o t r u s i o n   f o r   u se   in  t h e  

i n v e n t i o n ,   b o t h   f o r   r e a s o n s   of  h i g h   c o m p r e s s i v e   s t r e n g t h   a n d  

e a s e   of  m a n u f a c t u r e   ( e . g .   by  a  p u n c h / d r a w - d i e ) . S u c h   h i g h  

c o m p r e s s i v e   s t r e n g t h   i s   due  to   t he   c o n t i n u i t y   of  t h e   s h e e t  

m a t e r i a l   f rom  t h e   b a s e   a t   one  end  t h r o u g h   t h e   e l e v a t i o n   o r  

b r i d g e   52,  55,  53  as  c o m p a r e d   w i t h   o p e n - e n d e d   p r o t r u s i o n s  

s u c h   a l s   L - j s h a p e d   t o n g u e s ,   and  to  t h e   i n h e r e n t   s h a p e   s t r e n g t h  

of  a  t r a p e z e - s h a p e d   p r o f i l e   of  t h e   t y p e   shown  in   F i g u r e   5 .  

F i g u r e s   6A  to  6D  show,   in  d i a g r a m m a t i c   c r o s s - s e c t i o n a l  

v i e w s ,   p r e f e r r e d   modes   of  s t a c k   a r r a n g e m e n t ,   c a s t i n g   a n d  

p a n e l   d i s c h a r g e   in  t h e   i n v e n t i v e   m e t h o d .  

One  s i d e   w a l l   64  of  m o l d i n g   box  60  is   o p e n e d   in  t h e   p o s i t i o n  

shown  in  F i g u r e   6A  and  s t a c k   61  i s   f o r m e d   by  i n s e r t i n g   b i -  

p l a n a r   r e i n f o r c e m e n t s   62  and  o p t i o n a l   p a r t i t i o n i n g   b o a r d s  

63  in  v e r t i c a l   p o s i t i o n .   The  b i p l a n a r   r e i n f o r c e m e n t s   may  b e  

f o r m e d   by  a s s e m b l i n g   two  m e t a l   s h e e t s   631,   632  w i t h i n   t h e  

mold  c a v i t y   as  i n d i c a t e d ,   or  t h e   s h e e t s   may  be  i n t r o d u c e d   i n  

a  p r e a s s e m b l e d   fo rm.   When  t h e   s t a c k   i s   c o m p l e t e d   in  F i g u r e  

6A  s i d e   w a l l   64  i s   c l o s e d .  

S t a c k   61  w i l l   be  c l o s e l y   p a c k e d   and  i f   a  s p a c e   of  s m a l l e r  

t h i c k n e s s   t h a n   t h e   d e s i r e d   p a n e l   t h i c k n e s s   r e m a i n s   i t   can   b e  

f i l l e d   up  w i t h   a  b o a r d   or  t h e   l i k e .   B e c a u s e   of  s u c h   p a c k i n g ,  

no  p a r t i c u l a r   s e c u r i n g   means   a r e   n e e d e d   to  keep   t h e   m e t a l  

s h e e t s   in  t h e i r   o p e r a t i v e   p o s i t i o n .  



W h i l e   s t a c k   61  in  F i g u r e   6A  is   f o r m e d   w i t h   v e r t i c a l   l a y e r s ,  

i t   may  as  w e l l   be  f o r m e d   in  h o r i z o n t a l l y   o r i e n t e d   m a n n e r   a s  

i n d i c a t e d   in  F i g u r e   6B  w h e r e   s t a c k   61  i s   f o r m e d   by  s t a c k i n g  

b i p l a n a r   r e i n f o r c e m e n t s   62  and  o p t i o n a l   m o l d i n g   b o a r d s   63 

one  o n t o   the   o t h e r   i n t o   t h e   m o l d i n g   box  u n t i l   s t a c k   61  i s  

c o m p l e t e d .   A g a i n ,   s i d e   w a l l   64  i s   c l o s e d   and  p r e s s e d   o n t o  

s t a c k   6 1 .  

F i g u r e   6C  shows  m o l d i n g   box  60  in  c a s t i n g   p o s i t i o n .   A  p n e u m -  

a t i c a l l y   o p e r a t e d   b r a c k e t   or  t h e   l i k e   c l o s i n g   member  69  i s  

u s e d   to   p r e s s   t he   s i d e   w a l l s   of  t h e   m o l d i n g   box  60  a g a i n s t  

s t a c k   61.  C o n c r e t e   or  t h e   l i k e   m a t r i x - f o r m i n g   m a t e r i a l   i s  

c a s t   as  i n d i c a t e d   a t   t h e   r i g h t   s i d e   of  F i g u r e   6C  so  as  t o  

f i l l   t he   mold  c o m p a r t m e n t s   d e f i n e d   e s s e n t i a l l y   by  t h e   b i -  

p l a n a r   s t r u c t u r e s   in  o r d e r   to  f i l l   t h e   v o i d s   w i t h i n   t h e   b i -  

p l a n a r   s t r u c t u r e s   as  w e l l   as  any  i n t e r s p a c e s   b e t w e e n   t he   b i -  

p l a n a r   s t r u c t u r e s   and  a d j a c e n t   m o l d i n g   s u r f a c e s .   A  s o l i d i f i -  

ed  s t a c k   66  of  m e t a l - r e i n f o r c e d   p a n e l s   68  i s   f o r m e d .  

S u i t a b l e   m a t r i x - f o r m i n g   m a t e r i a l s   and  a d d i t i v e s ,   as  w e l l   a s  

c a s t i n g   m e t h o d s ,   a r e   w e l l   known  in  t he   a r t   and  w i l l   n o t   b e  

d i s c u s s e d   h e r e i n   in  d e t a i l .   V i b r a t i o n   of  t h e  m a t r i x - f o r m i n g  

m a t e r i a l   w i t h i n   t h e   m o l d i n g   box  i s   a d v a n t a g e o u s   and  c o n v e n t i -  

o n a l   v i b r a t o r s   (no t   shown)  may  be  a t t a c h e d   to  t he   m o l d i n g  

box  f o r   t h a t   p u r p o s e .  

As  is   known  in  b a t t e r y - m o l d i n g ,   h e a t   d e v e l o p e d   upon  h a r d e n -  

ing   of  the   m a t r i x   may  c o n t r i b u t e   to   a c c e l e r a t e   s o l i d i f i c a t i o n  

and  a  m a t r i x   h a r d n e s s   s u f f i c i e n t   f o r   d i s c h a r g i n g   t he   p a n e l s  

may  be  a c h i e v e d   w i t h i n   some  h o u r s   a f t e r   c a s t i n g ,   e . g .   in  5  t o  

20  h o u r s .   A d d i t i v e s   t h a t   c o n t r o l   h e a t   r e l e a s e   d u r i n g   s o l i d -  

i f i c a t i o n   may  be  u s e d ;   e x t e r n a l   h e a t i n g   means  a r e   no t   n o t  

n o r m a l l y   r e q u i r e d .  



For  d i s c h a r g i n g   t he   p a n e l s   f rom  m o l d i n g   box  60  t h e   l a t t e r   i s  

p r e f e r a b l y   t i l t e d   as  shown  in  F i g u r e   6D  so  t h a t   t h e   p a n e l s  

68  may  be  w i t h d r a w n   in  l a t e r a l   m o t i o n   a f t e r   s i d e   w a l l   64  i s  

o p e n e d   or  r e m o v e d .   P a n e l s   68  can   be  s e p a r a t e d   f rom  s t a c k   66 

b e c a u s e   of  t h e   p a r t i t i o n i n g   l a y e r s  w h i c h   may,  b u t   n e e d   n o t ,  

i n c l u d e   r e - u s a b l e   m o l d i n g   b o a r d s   6 3 .  

The  a d v a n t a g e   of  d i s c h a r g i n g   t h e   m o l d i n g   box  in  a  p o s i t i o n  

as  shown  in  F i g u r e   6D  is   s u b s t a n t i a l   b e c a u s e   no  p a r t i c u l a r l y  

h e a v y   l i f t i n g   e q u i p m e n t  i s   r e q u i r e d   and  c o n n e c t i o n   o f  t h e  

p a n e l s   w i t h   l i f t i n g   or  o t h e r   m o v i n g   e q u i p m e n t  i s   f a c i l i t a t e d .  

A l s o ,   t h e   d a n g e r   of  d a m a g i n g   t h e   p a n e l s   upon  d i s c h a r g e   f r o m  

t h e   m o l d i n g   box  is   r e d u c e d .   T h u s ,   use   of  a  t i l t a b l e   m o l d i n g  

a p p a r a t u s   i s   g e n e r a l l y   p r e f e r r e d   a c c o r d i n g   to  t h e   i n v e n t i o n  

and  b a t t e r y - m o l d i n g   d e v i c e s   t h a t   can  be  t i l t e d   b y  

p i v o t i n g   a r e  k n o w n ,   e . g .   f rom  B e l g i a n   P a t e n t   No.  5 6 4 , 9 7 4  

m e n t i o n e d   a b o v e .  

H o w e v e r ,   when  c o n s i d e r i n g   p r o d u c t i o n   of  m e t a l - r e i n f o r c e d  

p a n e l s   by  b a t t e r y - m o l d i n g   w i t h   p a n e l   d i m e n s i o n s   o f ,   s a y ,  

1.5  x  15  x  0 .2   m e t e r s   and  a b o u t   t e n   p a n e l s   p e r   c h a r g e ,   t h e  

m o l d i n g   a p p a r a t u s   w i l l   have   to   s u p p o r t   a  c h a r g e   w e i g h t   i n  

t h e  o r d e r   of  100  to  500  m e t r i c   t o n s   and  such   l o a d s   c o u l d   b e  

h a n d l e d   o n l y   w i t h   v e r y   h e a v y   e q u i p m e n t   t h a t   c o u l d   n o t   be  m o v -  

ed  w i t h o u t   p r o b l e m s   f rom  one  c o n s t r u c t i o n   s i t e   to   a n o t h e r .  

As  i n d i c a t e d   a b o v e ,   use   of  s o - c a l l e d   f l u i d - c u s h i o n s   o r  

i n f l a t a b l e   b a g s   f o r   t i l t i n g   of  t he   b a t t e r y  

mold  i s   s u i t a b l e   to  a v o i d   t h e s e   p r o b l e m s   as  w i l l   be  e x p l a i n -  

ed  b e l o w   and  c o n s t i t u t e s   a  s e c o n d   g e n e r a l   a s p e c t   of  t h e   i n -  

v e n t i o n .  



F i g u r e   7  s h o w s ,   in  a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w ,   a  m o l d -  

ing  box  71  of  t h e   t y p e   e x p l a i n e d   above   i n c l u d i n g   a  b o t t o m  

w a l l   711,   two  f r o n t   w a l l s   712 ,   714  and  two  s i d e   w a l l s   7 1 6 ,  

718  f o r   d e f i n i n g   a  c a v i t y   w i t h   t h e   g e n e r a l   s h a p e   of  an  o p e n  

box .   The  c a v i t y   i s   s u i t a b l e   to   r e c e i v e   a  s t a c k   of  b i p l a n a r  

r e i n f o r c e m e n t s   and  p a r t i t i o n i n g   l a y e r s   f o r   p a n e l   p r o d u c t i o n  

as  e x p l a i n e d   a b o v e .  

A  f i r s t   f l u i d - c u s h i o n   or  i n f l a t a b l e   bag  78  i s   a r r a n g e d   b e -  

t w e e n   b o t t o m   w a l l   711  of  box  71  and  a  s u p p o r t   s u r f a c e   7 7 ,  

e . g .   a  b i t u m i n o u s   or  c o n c r e t e   t o p   l a y e r   o r ,   more  s i m p l y ,   a  

p l a n i f i e d   a r e a   a t   or  n e a r   a  b u i l d i n g   s i t e ,   i f   d e s i r e d   a f t e r  

some  c o m p a c t i o n   w i t h   r o l l e r s   a n d / o r   a f t e r   a p p l i c a t i o n   o f  

t e m p o r a r y   l a y e r s ,   such   as  m a t s .  

A  s e c o n d   f l u i d - c u s h i o n   or  i n f l a t a b l e  b a g   79  i s   a r r a n g e d   b e -  

tween   one  s i d e   w a l l   716  of  box  71  and  s u p p o r t   s u r f a c e   7 7 .  

The  f o r c e - t r a n s m i t t i n g   e x t e r n a l   c o n n e c t i o n   ( n o t   shown  i n  

F i g u r e   7)  of  box  w a l l s   711,   712  and  b a g s   78,  79  can   be  e f f -  

e c t e d   by  v a r i o u s   m e a n s ,   e . g .   b e l t s   or  l o o p s   of  a  f l e x i b l e  

band   m a t e r i a l ,   s u c h   as  w e b b i n g ,   n e t s   and  o t h e r   h o l d i n g  

m e a n s ,   or  by  d i r e c t   s u r f a c e   c o n n e c t i o n s ,   such   as  a d h e s i v e ,  

v u l c a n i z e d ,   c l a m p e d   or  o t h e r   i n t e r c o n n e c t i o n s   of  t h e   b o x  

w a l l s   711,   712  w i t h   o p t i o n a l l y   r e i n f o r c e d   or  r i g i d i f i e d   a d -  

j a c e n t   w a l l   p o r t i o n s   of  b a g s   78,  7 9 .  

Edge  K  of  bos  71  can  be  r o u n d e d   o f f   f o r   d i r e c t   c o n t a c t   w i t h  

s u p p o r t   f a c e   77  when  t i l t i n g ,   or  a  s e p a r a t e   s u p p o r t   ( n o t  

shown)  may  be  p r o v i d e d   j u s t   b e l o w   edge   K  to  s u p p o r t   t he   l a t -  

t e r   when  t i l t i n g .  



Bags  78,  79  may  e a c h   c o n s i s t   of  a  s i n g l e   b a g ,   a  m u l t i - c o m -  

p a r t m e n t   s i n g l e   b a g ,   or  of  bag  g r o u p s   7 8 0 - 7 8 3   a n d  

7 9 0 - 7 9 3 .   Each  bag  or  bag  g r o u p   i s   p r o v i d e d   w i t h   c o n d u i t s   7 4 ,  

75  f o r   c o n n e c t i o n   w i t h   a  s o u r c e   of  f l u i d ,   s u c h   as  a  p u m p ,  

a n - a i r - c o m p r e s s o r ,   a  c o n t a i n e r   of  p r e s s u r i z e d   f l u i d s   or  t h e  

l i k e ,  g e n e r a l l y   v i a  v a l v e s   or  t h e   l i k e   c o n t r o l   m e a n s   so  a s  

to  p r o v i d e   f o r   s u p p l y i n g   or  w i t h d r a w i n g   of  f l u i d   ( e . g .   a i r  

or   w a t e r )   i n t o   and  f rom  e a c h   b a g .   The  e x t e r n a l   v o l u m e   of  e a c h  

bag  i s   d e t e r m i n e d   by  t h e  a m o u n t   of  f l u i d   w i t h i n   s u c h   bag  a n d  

s u c h   v o l u m e   can  be  v a r i e d   by  means   of  f l u i d   s u p p l i e d   t o ,   o r  

w i t h d r a w n   f r o m ,   t he   b a g s .   I f   d e s i r e d ,   c o n d u i t s   74,  75  can  b e  

i n t e r c o n n e c t e d   by  a  pump  751  so  as  to  d e c r e a s e   t h e   v o l u m e   o f  

one  bag  when  t he   v o l u m e   of  t h e   o t h e r   bag  i s   i n c r e a s e d .   A l s o ,  

e a c h   bag  78,  79  or  e a c h   bag  g r o u p   780  can  be  p r o v i d e d   w i t h  

s e p a r a t e   i n l e t   and  o u t l e t   c o n d u i t s   f o r   f l u i d   s u p p l y   a n d  

f l u i d   w i t h d r a w a l .   F u r t h e r ,   b a g s   78,  79  or  bag  g r o u p s   7 8 0 - 7 8 3  

and  7 9 0 - 7 9 3   can  be  a r r a n g e d   as  s e p a r a t e   c e l l s   of  a  common 

f l u i d - c u s h i o n .  

When  t h e   v o l u m e   of  bag  78  or  of  bag  g r o u p   7 8 0 - 7 8 3   i s   i n c r e a s -  

ed  and  t h e   v o l u m e   of  bag  79  or  of  bag  g r o u p   7 9 0 - 7 9 3   i s   d e -  

c r e a s e d ,   or  v i c e - v e r s a ,   as  e x p l a i n e d   in  more   d e t a i l   b e l o w ,  

box  71  w i l l   s w i v e l   or  t i l t   in  t h e   d i r e c t i o n s   of  d o u b l e   a r r o w  

A-B.  S w i v e l l i n g   ( F i g u r e   7A)  f rom  t he   one  end  p o s i t i o n   i n t o  

t h e   o t h e r   end  p o s i t i o n   as  shown  w i l l   be  c a l l e d   " t i l t i n g "  

w i t h o u t   t h e   i n t e n t i o n   to  r e s t r i c t   t i l t i n g   m o v e m e n t   to   t h e  

g e n e r a l l y   p r e f e r r e d   t i l t   of  a b o u t   9 0 ° .  

V a r i o u s   t i l t i n g   p o s i t i o n s   of  box  71  of  F i g u r e   7  a r e   shown  i n  

t h e   d i a g r a m   of  F i g u r e   7A:  p o s i t i o n   F  i s   t h e   c a s t i n g   p o s i t i o n ;  

t h e r e ,   t h e   one  bag  78  or  bag  g r o u p   7 8 0 - 7 8 3   is   e m p t i e d   ( v o l -  

ume  V1)  to   t h e   e x t e n t   t h a t   t h e   b o t t o m   w a l l   of  box  71  i s   in  a  



s u b s t a n t i a l l y   h o r i z o n t a l   p o s i t i o n ;   in  p o s i t i o n   F,  bag  79  o r  

bag  g r o u p   7 9 0 - 7 9 3   may  be  f i l l e d   b u t   need   n o t   be  f i l l e d ,   i . e .  

n o t   y e t   f i l l e d   or  n o t   f i l l e d   a n y m o r e ,   and  may  t h u s   have   a  

f i l l i n g   v o l u m e   b e t w e e n   " z e r o "   and  " f u l l " .  

In  p o s i t i o n  E  o f  b o x  7 1 ,   c o n c r e t e   or  t h e   l i k e   m a t r i x i n g   m a t -  

e r i a l   i s   p o u r e d   i n t o   t he   c a v i t y   w i t h i n   box  71  w i t h   a  s t a c k  

of  b i p l a n a r   r e i n f o r c e m e n t s   and  p a r t i t i o n i n g   l a y e r s   a r r a n g e d  

t h e r e i n   as  e x p l a i n e d   a b o v e ,   and  t h e   m a t r i x i n g   m a t e r i a l   i s  

a l l o w e d   to   h a r d e n   a t   l e a s t   to   t h e   p o i n t   w h e r e   t h e   p a n e l s   c a n  

be  w i t h d r a w n   w i t h o u t   d a m a g e .  

P r i o r   to   d i s c h a r g i n g   of  t h e   p a n e l s   f rom  m o l d i n g   box  71  t h e  

l a t t e r   is   t i l t e d   and  t h e   t i l t i n g   m o v e m e n t   i s   i n i t i a t e d   b y  

f e e d i n g   f l u i d ,   such   as  w a t e r   or  a i r ,   u n d e r   p r e s s u r e   i n t o   b a g  

78  so  t h a t   i t s   f l u i d   v o l u m e   i n c r e a s e s   f rom  V  to   V2.  A  l o a d  

t h a t   i s   s u p p o r t e d   by  a  s i n g l e   f l u i d - c u s h i o n   w i t h o u t   a d d i t i o n -  

a l   g u i d a n c e   may  have   a  r e l a t i v e l y   u n s t a b l e   or  " s w i m m i n g "   p o s -  

i t i o n ;   i t   i s   g e n e r a l l y   p r e f e r r e d   to   a v o i d   s u c h   i n s t a b i l i t y  

and  t h i s   can  be  a c h i e v e   in  a  c o n v e n i e n t   and  s i m p l e   m a n n e r ,  

e . g .   by  p r o v i d i n g   t h a t   bag  78  in  s t a t e   F  is   n o t   c o n c e n t r i c  

w i t h   b o t t o m   w a l l   711  of  box  71,  a n d / o r   by  u s i n g   a  bag  w i t h  

p r e d e t e r m i n e d   s h a p e   c h a r a c t e r i s t i c s ,   e . g .   a  bag  w i t h   a  w e d g e -  

t y p e   s h a p e   when  f u l l ,   a n d / o r   by  some  g u i d a n c e   of  box  71,  e . g .  

by  m a i n t a i n i n g   edge   K  of  box  71  i n  c o n t a c t   w i t h   s u p p o r t   s u r -  

f a c e   77  d u r i n g   t he   t i l t i n g   m o v e m e n t .   The  same  a p p l i e s   to  b a g  

79  in  s t a t e   E  a t   t he   s t a r t   of  t he   t i l t i n g - b a c k   m o v e m e n t .  

When  v o l u m e   V  of  bag  78  in  s t a t e   F  (or  v o l u m e   V1  of  bag  79 

in  s t a t e   E)  is  s u b s t a n t i a l l y   z e r o ,   box  71  i s   in  a  s t a b l e   p o s -  

i t i o n ,   b u t   a  s m a l l   amoun t   of  f l u i d   in  bag  78  (or   79)  when  i n  

s t a t e   F  (or  E)  may  be  a d v a n t a g e o u s ,   e . g .   f o r   c o m p e n s a t i n g   i r r -  

e g u l a r i t i e s   of  s u p p o r t   s u r f a c e   7 7 .  



By  i n c r e a s i n g   t h e   v o l u m e   of  bag  78  f rom  V1  to   V2,  box  71 

w i l l   be  l i f t e d   a t   i t s   s i d e   r e m o t e   f rom  e d g e   K  u n t i l   t h e   c e n -  

t e r   of  g r a v i t y   of  box  71  is   v e r t i c a l   a b o v e   edge   K  and  a  

m e t a s t a b l e   e q u i l i b r i u m   p o s i t i o n   Z  of  box  71  i s   r e a c h e d .   A t  

t h i s   momen t ,   a t   t he   l a t e s t ,   s e c o n d   bag   79  or  bag  g r o u p   7 9 0 -  

793  m u s t   be  f i l l e d   ( v o l u m e   V5)  to   t h e   e x t e n t   r e q u i r e d   f o r  

s u p p o r t i n g   t h e   a d j a c e n t   s i d e   w a l l   of   box  71.  Now,  v o l u m e   V2 

of  t he   f i r s t   bag  can  be  d e c r e a s e d ,   m a i n t a i n e d   c o n s t a n t ,   o r  

i n c r e a s e d   w i t h o u t   t h i s   h a v i n g   a  s u b s t a n t i a l   e f f e c t   u p o n  t h e  

t i l t i n g   o p e r a t i o n ; . p r e f e r a b l y ,   bag  78  i s   m a i n t a i n e d   to   r e -  

t a i n   a t   l e a s t   v o l u m e   V2  so  t h a t   i t   w i l l   a g a i n   s u p p o r t   a n d  

c a r r y   b o t t o m   w a l l   711  when  box  71  i s   t i l t e d   back   f rom  E 

t h r o u g h   Z  to   F .  

When  u s i n g   a  l i q u i d ,   such   as  w a t e r ,   as  t h e   f l u i d   f o r   f i l l i n g  

b a g s  7 8 ,   79  i t   may  be  a d v a n t a g e o u s   to   f e e d   any  f l u i d   w i t h -  

drawn  f rom  one  c u s h i o n   i n t o   t h e   o t h e r   even   t h o u g h   t h i s   i s  

no t   r e q u i r e d   f o r   s u p p o r t .   Such  a l t e r n a t i n g   or  r e c i p r o c a t i n g  

f l u i d   d i s p l a c e m e n t ,   i . e .   when  V1  +  V6  =  V2 +  V5  =  V3  +  V4,  i s  

t e r m e d   " c o m p l e m e n t a r y "   b a g - f i l l i n g   and  can  be  e f f e c t e d ,   f o r  

e x a m p l e ,   w i t h   a  r e v e r s i b l e   pump  as  i n d i c a t e d   in  F i g u r e   7  b y  

n u m e r a l   7 5 1 .  

At  t he   t r a n s i t i o n   f rom  Z  to  E,  i . e .   f rom  t h e   m e t a s t a b l e   i n -  

t e r m e d i a t e   p o s i t i o n   i n t o   d i s c h a r g e   p o s i t i o n ,   bag  79  or  b a g  

g r o u p   7 9 0 - 7 9 3   h a y i n g   v o l u m e   V5  s u p p o r t s   a d j a c e n t   s i d e   w a l l s  

of  box  71;  upon  p r o g r e s s i v e   d e c r e a s e   of  v o l u m e   V5  to   V 4 ,  

e . g .   c o n t r o l l e d   by  a  d i s c h a r g e   v a l v e   ( n o t   shown)  in  c o n d u i t  

75,  box  71  w i l l   be  t i l t e d   c o n t i n u o u s l y   i n t o   d i s c h a r g e   s t a t e  



The  p a n e l s   w i t h i n   box  71  a r e   now  in  h o r i z o n t a l   p o s i t i o n   a n d  

can  be  r e m o v e d   e a s i l y   f rom  box  71  a f t e r   l i f t i n g   or  r e m o v i n g  

t he   s i d e   w a l l   718a  w h i c h   is   now  on  t o p   of  t i l t e d   box  71.  D e -  

p e n d i n g   upon  w h e t h e r   t h e   s t a c k   f o r   t h e   n e x t   c a s t i n g   c y c l e   i s  

t o - b e   a r r a n g e d   in  h o r i z o n t a l   or  v e r t i c a l   p o s i t i o n ,   box  71  i s  

t i l t e d   back   f rom  s t a t e - E  t o   F  p r i o r   o r   a f t e r   f o r m i n g   t h e  

s t a c k .   H o w e v e r ,   s u b s e q u e n t   c a s t i n g   w i l l   be  e f f e c t e d   w i t h  

box  71  in  s t a t e   F .  

As  can  be  s e e n   f rom  F i g u r e   7A,  t h i s   p r e f e r r e d   e m b o d i m e n t   o f  

box  71  w i t h   two  b a g s   78,  79  or  two  bag  g r o u p s   7 8 0 - 7 8 3 ,   7 9 0 -  

793  has   t he   a d d i t i o n a l   e f f e c t   t h a t   t h e   main   l o a d - b e a r i n g  

w a l l s   of  box  71  w i l l   be  e x t e r n a l l y   s u p p o r t e d ,   a t   l e a s t   o v e r  

a  m a j o r   or  p r e d o m i n a n t   s u r f a c e   p o r t i o n   of  such   w a l l s ,   by  t h e  

f l u i d - c u s h i o n s   or  b a g s .   T h i s   p r o v i d e s   f o r   s u b s t a n t i a l   a d v a n t -  

a g e s ,   b o t h   f o r   t h e   m o l d i n g   box  as  w e l l   as  f o r   t he   t i l t i n g  

m e c h a n i s m ,   b e c a u s e   s t r e n g t h   and  s t a b i l i t y   r e q u i r e m e n t s   o f  

t h e   box  can  be  s u b s t a n t i a l l y   r e d u c e d ;  t h u s ,   m o l d i n g   b o x e s  

can   be  made  a c c o r d i n g   to   c o n v e n t i o n a l   m e c h a n i c a l   a s s e m b l y  

t e c h n i q u e s   f rom  r e l a t i v e l y   l i g h t   u n i t s   s u i t a b l e   fo r   a s s e m b l y  

a t   a - c o n s t r u c t i o n   s i t e   and  d i s a s s e m b l y   f o r   t r a n s p o r t   to  a n -  

o t h e r   s i t e ;   f u r t h e r ,   as  a s s e m b l y - t y p e   u n i t s   can  be  u s e d   f o r  

t h e   main   w a l l s   o f  t h e   m o l d i n g   box ,   t h e   d i m e n s i o n s   of  t h e  

m o l d i n g   box  can  be  c h a n g e d   when  p a n e l   l e n g t h   and  p a n e l   w i d t h  

a r e   to   be  a d a p t e d   to   t h e   r e q u i r e m e n t s   of  a  s p e c i f i c   b u i l d i n g .  

As  t h e   p a n e l   t h i c k n e s s   i s   n o t   d e t e r m i n e d   by  the   m o l d i n g   b o x  

when  u s i n g   t h e   i n v e n t i v e   m e t h o d ,   a  s u b s t a n t i a l   e c o n o m i c   i m -  

p r o v e m e n t   of  p a n e l   p r o d u c t i o n   by  b a t t e r y - m o l d i n g   can  b e  

a c h i e v e d   when  u s i n g   t h e   n o v e l   m e t h o d   in  c o n j u n c t i o n   w i t h  

t h e   n o v e l   a p p a r a t u s .  



As  w i l l   be  u n d e r s t o o d ,   t h e   f l u i d - c u s h i o n s   u s e d   as  t i l t i n g  

means   of  t h e   b a t t e r y - m o l d i n g   a p p a r a t u s   a c c o r d i n g   to   t h e   i n -  

v e n t i o n   do  n o t   p r e s e n t   s u b s t a n t i a l   p r o b l e m s   of  a s s e m b l y   o r  

t r a n s p o r t .   S t r e n g t h   and  s t a b i l i t y   r e q u i r e m e n t s   r e g a r d i n g  

t h e   m o l d i n g   box  can  be  s u b s t a n t i a l l y   r e d u c e d   as  t h e   w a l l s  

and  w a l l - c o n n e c t i o n s   of  t h e   m o l d i n g   box  t h a t   b e a r   t h e   m a i n  

l o a d   upon  t i l t i n g   can  be  e x t e r n a l l y   s u p p o r t e d   by  f l u i d - c u s h i -  

ons  in  a l l   t i l t i n g   p o s i t i o n s .   T h u s ,   c o m m e r c i a l   o p e r a t i o n  

w i t h   m o l d i n g   box  l o a d s   in  t h e   m a g n i t u d e   of  s e v e r a l   h u n d r e d  

m e t r i c   t o n s   is   p o s s i b l e   w i t h o u t   e x t r e m e   r e q u i r e m e n t s   f o r  

a p p a r a t u s   and  o p e r a t i o n :   f o r   e x a m p l e ,   when  bags   78,  79  o r  

bag  g r o u p s   7 8 0 - 7 8 3 ,   7 9 0 - 7 9 3   a r e   u s e d   f o r   s u p p o r t i n g   a n d  

p i v o t i n g   a  m o l d i n g   box  h a v i n g   a  b o t t o m   w a l l   of  2 .5   m  x  15  m 

and  s i d e   w a l l s   of  1 .5   m  x  15  m  to  p r o d u c e   p a n e l s   of  1 .3   m  x  

15  m  x  0 .2   m,  t h e   w e i g h t   of  t h e   c h a r g e   w i t h i n   t h e   m o l d i n g  

box  c o u l d   be  in  t h e   r a n g e   of  f rom  a b o u t   200  to   400  m e t r i c  

t o n s ,   d e p e n d i n g   upon   t h e   s p e c i f i c   w e i g h t   of  t h e   c o n c r e t e  

m i x .  

T h e s e   l o a d s   w i l l   be  d i s t r i b u t e d   o v e r   t h e   c o n t a c t i n g   s u r f a c e s  

of  t h e   b a g s   t h a t   s u p p o r t   t h e   b o t t o m   w a l l   and  t h e  o n e   s i d e  

w a l l ,   and  t h e   c o n t a c t i n g   s u r f a c e   a r e a   w i l l   be  of  t h e   o r d e r  

of  20  to  40  m2.  T h u s ,   an  o v e r - p r e s s u r e   of  t he   f l u i d   of   o n l y  

a b o u t   0 .5   to   a b o u t   3  k g / c m 2   i s   r e q u i r e d   f o r   s u p p o r t ,   a n d  

t i l t i n g   n e e d s   b u t   a  s m a l l   i n c r e a s e ,   say  a b o u t   10  %,  of  t h e  

s u p p o r t   p r e s s u r e .  

The  p r e f e r r e d   e m b o d i m e n t   of  t h e   t i l t a b l e   m o l d i n g   a p p a r a t u s  

a c c o r d i n g   to   t he   i n v e n t i o n   e x p l a i n e d   above   has   one  b a g ,   o r  

g r o u p  o f   b a g s ,   on  e a c h   s i d e   of  edge   K.  As  shown  in  F i g u r e   8 ,  

use   of  a  s i n g l e   b a g ,   or  g r o u p   of  b a g s ,   wou ld   be  s u f f i c i e n t  

f o r   t i l t i n g   a  m o l d i n g   box  when  t h e   l a t t e r ,   in  i t s   c a s t i n g  



p o s i t i o n ,   i s   in  a  m e t a s t a b l e   p o s i t i o n a l   e q u i l i b r i u m .   M o l d i n g  

box  81,  in  s t a t e   F  of  F i g u r e   8,  is   in  an  u p r i g h t   or  c a s t i n g  

p o s i t i o n   m a i n t a i n e d   by  a  s t o p   ( s y m b o l i z e d   by  C)  on  one  s i d e ,  

and  by  a  f l u i d - c u s h i o n   or  bag  88  a r r a n g e d   b e t w e e n   s i d e   w a l l  

81.0  of  box  81  and  s u p p o r t   s u r f a c e   87,  t h e   bag  b e i n g   f i l l e d  

to  m a i n t a i n   v o l u m e   V9.  By  r e d u c i n g   t he   bag  v o l u m e   f rom  V  
t h r o u g h   V8  to  V7,  box  81  w i l l   be  t i l t e d   i n t o   s t a t e   E  w h e r e  

t he   o t h e r   s i d e   w a l l   812  i s   a t   t h e   top   and  can  be  r e m o v e d   o r  

l i f t e d   to   p o s i t i o n   812a  f o r   d i s c h a r g i n g   p a n e l s   f o r m e d   in  b o x  

81.  When  bag  88  i s   f i l l e d   w i t h   f l u i d  t o   i n c r e a s e   i t s   v o l u m e  

from  V7  t h r o u g h   V8  to  V9,  box  81  w i l l   r e t u r n   i n t o   c a s t i n g  

p o s i t i o n .   As  a  more  c o m p l i c a t e d   s t r u c t u r e   of  t he   m o l d i n g   b o x  

81,  e . g .   a  c u r v e d   s i d e   w a l l ,   i s   r e q u i r e d   f o r   t h e   e m b o d i m e n t  

of  F i g u r e   8,  t h i s   e m b o d i m e n t   i s   g e n e r a l l y   l e s s   p r e f e r r e d .  

F l u i d - c u s h i o n s   or  b a g s   of  v a r i o u s   c o n s t r u c t i o n   a r e   known  p e r  

se  and  u s e d ,   f o r   e x a m p l e ,   f o r   l i f t i n g   h e a v y   and  r e l a t i v e l y  

s e n s i t i v e   l o a d s ,   such   as  a e r o p l a n e s ;   g e n e r a l l y ,   s u c h   c u s h i -  

ons  a r e   c l o s e d   or  c e l l u l a r   s t r u c t u r e s   made  of  a  f l e x i b l e   m a t -  

e r i a l   t h a t   i s   s u b s t a n t i a l l y   i m p e r m e a b l e   to  t h e  f l u i d   and  h a s  

t h e   m e c h a n i c a l   p r o p e r t i e s   r e q u i r e d   to   c o n t a i n   t h e   f l u i d   a t  

an  e l e v a t e d   p r e s s u r e .   For  t h e   p u r p o s e s   of  t h e   i n v e n t i o n   t h e  

f l u i d - c u s h i o n   mus t   be  c a p a b l e   of  c h a n g i n g   i t s   o u t e r   v o l u m e  

in  r e s p o n s e   to  a  v a r i a t i o n   of  t h e   f l u i d   c o n t a i n e d   t h e r e i n   b u t  

i t s   w a l l   n eed   no t   be  f l e x i b l e   t h r o u g h o u t   and  may  i n c l u d e   n o n -  

f l e x i b l e   p o r t i o n s ,   e . g .   a t   t h e   a r e a   of  c o n t a c t   w i t h   t h e   m o l d -  

ing  b o x .  

G a s e o u s   or  l i q u i d   f l u i d s   may  be  u s e d ,   such   as  a i r   and  w a t e r ,  

and  s e l e c t i o n   of  t he   f l u i d   u s e d   may  d e p e n d   upon  t h e   l o c a t i o n  

of  u s e ,   i . e .   w h e t h e r   w a t e r   i s   in  ample   s u p p l y   or  n o t .  



F l u i d - c u s h i o n s   or  b a g s   f o r   u se   a c c o r d i n g   to   t h e   i n v e n t i o n   may  

have   a  r e g u l a r   or  i r r e g u l a r   s h a p e   and  c o n s i s t ,   a t   l e a s t   i n  

p a r t ,   of  a  n o r m a l l y   f l e x i b l e   m a t e r i a l ,   e . g .   a  p o l y m e r   c o m p o s -  

i t i o n   ( i n c l u d i n g   e l a s t o m e r s   and  t h e r m o p l a s t i c s ) ,   e . g .   p o l y -  

o l e f i n   as  w e l l   as  s y n t h e t i c   or  n a t u r a l   r u b b e r s ,   p r e f e r a b l y   r e -  

i n f o r c e d   by  f l e x i b l e   l a y e r s   made  of  f i b e r s   or  f i l a m e n t s ,   e . g .  

in  t h e   f o r m   of  woven  or  n o n - w o v e n   m a t e r i a l s ,   in  o r d e r   to  i n -  

c r e a s e   t e n s i l e   s t r e n g t h   and  t e a r   r e s i s t a n c e .  

S t a b i l i t y   u n d e r   e n v i r o n m e n t a l   c o n d i t i o n s   a t   a  b u i l d i n g   s i t e  

as  w e l l   as  f o r   s t o r a g e   and  t r a n s p o r t   i s ,   of   c o u r s e ,   d e s i r a b l e  

and  can   be  a c h i e v e d   w i t h   c o n v e n t i o n a l   s h e e t   m a t e r i a l   c o m p o s -  

i t i o n s .  

F l u i d - c u s h i o n s   s u i t a b l e   f o r   use   h e r e i n   a r e   a v a i l a b l e   comm-  

e r c i a l l y   or  may  be  m a n u f a c t u r e d   f rom  c o m m e r c i a l l y   a v a i l a b l e  

t u b e ,   s h e e t   or  web  m a t e r i a l s   t h a t   can  be  made  i n t o   c l o s e d  

b a g s   by  a d h e s i v e   m e t h o d s ,   w e l d i n g ,   v u l c a n i z a t i o n ,   s e w i n g   o r  

t h e   l i k e   m e t h o d s .   A d d i t i o n a l   f l e x i b l e   l a y e r s   f o r   e x t e r n a l  

s u p p o r t   of  t h e   b a g s ,   s u c h   as  n e t s ,   may  be  u s e d   i f   r e q u i r e d  

f o r   r e i n f o r c e m e n t   o r / a n d   o p e r a t i v e   c o n n e c t i o n  w i t h   t h e   m o l d -  

ing  b o x .  

From  t h e   f o r e g o i n g   d e s c r i p t i o n ,   one  s k i l l e d   in  t h e   a r t   c a n  

e a s i l y   a s c e r t a i n   t h e   e s s e n t i a l   c h a r a c t e r i s t i c s   of  t h i s   i n -  

v e n t i o n   and ,   w i t h o u t   d e p a r t i n g   from  t h e   s p i r i t   and  s c o p e  

t h e r e o f ,   can  make  v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   of  t h e  

i n v e n t i o n   to   a d a p t   i t   to   v a r i o u s   u s a g e s   and  c o n d i t i o n s .  



1.  A  m e t h o d   of  p r o d u c i n g   a  p l u r a l i t y   of  m e t a l - r e i n f o r c e d   p a -  

n e l s   in  a  m o l d i n g   box  (10)  h a v i n g   a  c a v i t y   d e f i n e d   by  a  

- b o t t o m   w a l l   ( 1 6 ) ,   two  s i d e   w a l l s   (14,   15)  and  two  f r o n t  

w a l l s   ( 1 2 , 1 3 ) ,   in  w h i c h   m e t h o d   a  number   of  r e i n f o r c i n g  

m e t a l   e l e m e n t s   (17 ,   18)  i s   a r r a n g e d   in  t h e   c a v i t y   w i t h  

p a r t i t i o n i n g   means   b e t w e e n   a d j a c e n t   e l e m e n t s   (17,   18)  a n d  

w h e r e i n   a  f l o w a b l e   and  h a r d e n a b l e   m a t e r i a l   i s   f ed   i n t o   t h e  

c a v i t y   and  i s   a l l o w e d   to   h a r d e n   t h e r e i n   so  as  to   fo rm  t h e  

m e t a l - r e i n f o r c e d   p a n e l s ,   c h a r a c t e r i z e d   in  t h a t   t he   r e i n -  

f o r c i n g   m e t a l   e l e m e n t s   (17,   18)  e a c h   have   a  g e n e r a l l y  

s t r a t i f o r m   b i p l a n a r   s t r u c t u r e   (100)  f o r m e d   of  a t   l e a s t   t w o  

d i s t a n c e d   m e t a l   s h e e t s   ( 1 0 1 ,   102)  m a i n t a i n e d   in  a  s u b s t a n -  

t i a l l y   p a r a l l e l   and  m u t u a l l y   s u p p o r t i n g   a r r a n g e m e n t .  

2.  The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   o n e  

of  t h e   two  m e t a l   s h e e t s   ( 101 ,   102)  of  t h e   b i p l a n a r   s t r u c t -  

u r e   (100)  t h a t   f o r m s   t h e   r e i n f o r c i n g   e l e m e n t s   (17,   18)  

c o m p r i s e s   a  m u l t i p l i c i t y   of  p e r f o r a t i o n s   (51)  and  a  m u l t -  

i p l i c i t y   of  p r o t r u s i o n s   (31)  of  s u b s t a n t i a l l y   u n i f o r m  

h e i g h t   e x t e n d i n g   f rom  a  f i r s t   p l a n e   (PB)  d e f i n e d   by  t h e  

s h e e t   in  t he   u n p e r f o r a t e d   p a r t s   (39)  t h e r e o f   to  a  s e c o n d  

p l a n e   (PE)  d i s t a n c e d   f rom  b u t   s u b s t a n t i a l l y   p a r a l l e l   w i t h  

t he   f i r s t   p l a n e   (PB) ,   and  t h a t   t he   o t h e r   of  t h e   two  m e t a l  

s h e e t s   a b u t s   upon  s a i d   s e c o n d   p l a n e   ( P E ) .  

3.  The  m e t h o d   of  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t , t h e   r e i n f o r c -  

ing   m e t a l   e l e m e n t s   (17,   18)  a r e   f o r m e d   by  a s s e m b l i n g   p a i r s  

of  p e r f o r a t e d   m e t a l   s h e e t s   (30,   30 ' )   f o r   c o n t a c t i n g   t h e  

f i r s t   p l a n e   (PB)  of  e a c h   one  s h e e t   w i t h   s a i d   s e c o n d   p l a n e  

(PE)  of  each   o t h e r   s h e e t .  



4.  The  m e t h o d   of  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   a  s t a c k   ( 6 1 )  

of  r e i n f o r c i n g   m e t a l   e l e m e n t s   (62)  i s   a r r a n g e d   in  t he   c a v -  

i t y   of  m o l d i n g   box  (60)  w i t h   one  p a r t i t i o n i n g   b o a r d   ( 6 3 )  

b e t w e e n   any  two  a d j a c e n t   m e t a l   e l e m e n t s   (62)  to   fo rm  a  

p l u r a l i t y   of  g e n e r a l l y   p a r a l l e l   mold  c o m p a r t m e n t s   b e t w e e n  

t h e   p a r t i t i o n i n g   b o a r d   and  a d j a c e n t   w a l l   p o r t i o n s   of  t h e  

c a v i t y   of  m o l d i n g   box  ( 6 0 ) .   ,  

5.  The  m e t h o d   of  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   p r o t r u -  

s i o n s   (31)  a r e   of  s u b s t a n t i a l l y   i s o m o r p h o u s   s h a p e ,  e a c h  

p r o t r u s i o n   b e i n g   f o r m e d   by  a  c o n t i n u o u s   s t r i p   (52,   53,  5 5 )  

of  t h e   m e t a l   (39)  of  s h e e t   (30)  b e t w e e n   two  s u b s t a n t i a l l y  

p a r a l l e l   l i n e a r   c u t s   (33 ,   34)  t h e r e i n   and  p r e s s i n g   a  p o r t -  

i o n  ( 5 5 )   of  t h e   s t r i p   o u t   of  t h e   f i r s t   p l a n e   PB)  i n t o   t h e  

s e c o n d   p l a n e   ( P E ) .  

6.  The  m e t h o d   of  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   e a c h   p r o t r u s i -  

on  (31)  has   a  l o n g i t u d i n a l   d i m e n s i o n   (L)  and  a  g e n e r a l l y  

t r a p e z e - l i k e   s h a p e   when  v i e w e d   in  a  s e c t i o n a l   p l a n e   t h a t  

i s   v e r t i c a l   to   t he   f i r s t   p l a n e   (PB)  and  p a r a l l e l   to   t h e  

l o n g i t u d i n a l   d i m e n s i o n   ( L ) .  

7.  The  m e t h o d   of  c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   s o m e  

of  t h e   p a r t i t i o n i n g   means   a r e   m o l d i n g   b o a r d s   (63)  i n - a  

l a t e r a l l y   u n g u i d e d   c o n n e c t i o n   w i t h   t he   w a l l s  o f   t he   m o l d -  

ing   box  ( 6 0 ) .  

8.  A  t i l t a b l e   m o l d i n g   a p p a r a t u s   (7)  f o r   p r o d u c i n g   a  p l u r a l i t y  

of  p a n e l s   by  c a s t i n g   a  f l o w a b l e   and  h a r d e n a b l e   m a t e r i a l   i n -  

to   a  p l u r a l i t y   of  c o m p a r t m e n t s   in  a  m o l d i n g   box  (71)  o f  

t h e   a p p a r a t u s ,   c h a r a c t e r i z e d   by  a t   l e a s t   one  f l u i d - c u s h i o n  

(78)  c a p a b l e   of  v a r y i n g   i t s   o u t e r   s h a p e   V1,  V2,  V3)  i n  

r e s p o n s e   to  v a r y i n g   t he   a m o u n t   of  f l u i d   w i t h i n   t h e   c u s h i o n  

( 7 8 ) ,   s a i d   c u s h i o n   (78)  r e s t i n g   on  a  s u p p o r t   s u r f a c e   (77)  



and  b e i n g   c o n n e c t e d   w i t h   t h e   m o l d i n g   box  (71)  f o r   a  t i l t -  

ing   movemen t   (F,  Z,  E)  of  m o l d i n g   box  (71)  by  v a r i a t i o n  

of  t he   amoun t   of  f l u i d   w i t h i n   t he   c u s h i o n   ( 7 8 ) .  

9.  The  a p p a r a t u s   of  c l a i m   8,  c h a r a c t e r i z e d   in  t h a t   t he   m o l d -  

i n g   box  c o m p r i s e s   a  b o t t o m   w a l l   ( 7 1 1 ) ,   two  f r o n t   w a l l s  

(712 ,   714)  and  two  s i d e   w a l l s   (716 ,   7 1 8 ) ,   and  t h a t   t h e  

a p p a r a t u s   i n c l u d e s   two  f l u i d - c u s h i o n s   (78,   7 9 ) ,   t h e   f i r s t  

f l u i d - c u s h i o n   (78)  b e i n g   a r r a n g e d   b e t w e e n   t he   s u p p o r t   s u r -  

f a c e   (77)  and  t h e   b o t t o m   w a l l   (711)  w h i l e   t h e   s e c o n d  

f l u i d - c u s h i o n   (79)  i s   a r r a n g e d   b e t w e e n   t h e   s u p p o r t   s u r f a c e  

(77)  and  one  s i d e   w a l l   ( 7 1 6 ) ,   s a i d   f l u i d - c u s h i o n s   (78,   79 )  

b e i n g   c o n n e c t e d   w i t h   c o n d u i t   means   (74,   75)  f o r   v a r y i n g  

t he   amoun t   of  f l u i d   in  e a c h   c u s h i o n   (78,   7 9 ) .  

10.  The  a p p a r a t u s   of  c l a i m   9,  c h a r a c t e r i z e d   in  t h a t   t h e   f i r s t  

f l u i d - c u s h i o n   (78)  i s   in  s u p p o r t i n g   c o n t a c t   ( 780 ,   7 8 1 ,  

782,   783)  w i t h   a t   l e a s t   t h e   p r e d o m i n a n t   p a r t   of  t he   o u t e r  

s u r f a c e   of  t h e   b o t t o m   w a l l   (711)  and  t h a t   t he   s e c o n d   f l u i d -  

c u s h i o n   (79)  i s   in  s u p p o r t i n g   c o n t a c t   (790 ,   791 ,   792,   7 9 3 )  

w i t h   a t   l e a s t   t h e   p r e d o m i n a n t   p a r t   of  t h e   o u t e r   s u r f a c e   o f  

t h e   one  s i d e   w a l l   (7.16)  w h i l e   t he   o t h e r   s i d e   w a l l   (718)  i s  

p r o v i d e d   f o r   o p e n i n g   and  c l o s i n g   t he   m o l d i n g   box  ( 7 1 ) .  

11.  The  use   of  t h e   m o l d i n g   a p p a r a t u s   as  c l a i m e d   in  any  o f  

c l a i m s   8-10  f o r   c a r r y i n g   ou t   t he   m e t h o d   as  c l a i m e d   i n  

any  of  c l a i m s   1 - 7 .  
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